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l INTRODUCTION 

1.1  Ceneral 

With  the  increase  of  worldwide  communications  business,  great  interest  is 
being  taken  in  the  reliability  of  communications  hardware.  Since  no  equipment 
can  be  made  completely  free  from  failure,  methods  of  monitoring  which  can 
detect  trends  leading  to  failures  are  of  particular  interest.  Such  a system 
should  be  able  to  detect  equipment  ddgfcsdat ion  or  failure  before  they  can 
cause  communications  loss. 

Such  a system,  known  as  automated  technical  control,  or  ATEC,  was  devel- 
oped for  a communications  network  in  Europe  operated  by  i lie  NATO  alliance. 

This  network  carries  both  voice  and  data  communications  and  is  frequency  divi- 
sion multiplexed  (FDM).  A plan  of  the  network  is  shown  in  Figure  1.  With 
recent  developments  in  digital  communication  systems  it  was  decided. that  a 
small  part  of  this  network  should  be  converted  to  pulse  code  modulated  (PCM) 
time  division  multiplexed  (TDM)  operation  for  test  purposes. 

Since  the  monitoring  requirements  of  a digital  system  are  different  from 
those  of  an  analogue  system,  a study  was  commissioned  on  the  changes  which 
would  be  required  to  the  ATEC  system  to  meet  these  needs  [1-3].  Because  of 
the  advantages  of  increased  capability  and  flexibility  with  reduced  cost 
offered  by  microprocessors  a study  was  also  initiated  on  the  use  of  a micro- 
processor for  tlie  monitoring  task.  This  study  resulted  in  a scheme  labelled 
M-ATEC  which  is  described  in  RADC  report  TR-77-218  [41. 

This  report  describes  further  work  on  the  M-ATEC  system.  It  will  show 
how  the  capabilities  of  the  M-ATEC  equipment  may  be  increased  without  adding 
significantly  to  the  hardware  costs.  The  system  described  in  this  report  will 
be  labelled  M-ATEC  II  to  keep  in  line  with  previous  nomenclature. 
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1.2  Background 

1.2.1  History  of  the  Project 

In  1974  the  Frankfurt,  Koenigstuhl,  Vaihingen  sectlor  of  the  aforemen- 
tioned NATO  European  defense  communications  network  was  converted  to  PCM  TDM 
operation.  The  control  centre  for  this  section  is  located  in  Stuttgart.  The 
geographic  area  of  the  section  is  shown  in  heavy  outline  in  Figure  1.1  and 
the  individual  stations  are  shown  in  Figure  1.2.  It  has  been  undergoing  con- 
tinuous testing  since  then. 

The  proposed  ATEC  equipment  consists  entirely  of  special  purpose  hardware. 

In  1975  the  feasability  study  for  the  microprocessor  based  system  was  performed 
by  Clarkson  College  under  the  Rome  Air  Development  Centre's  (RADC's)  post  doc- 
toral program.  The  study  [4]  was  delivered  in  February  1977. 

1.2.2  ATEC  System  Outline 

The  ATEC  system  is  divided  Into  two  parts:  monitoring  equipment  at  the 

1 

individual  stations  and  control  and  system  monitoring  equipment  at  the  net- 
work control  centre.  Figure  1.3  shows  the  equipment  installed  at  each  place. 

The  signals  monitored  fall  into  three  categories:  contact  closures,  TTL 
voltages  and  slowly  varying  analogue  voltages.  The  TTL  level  signals  may  be 
further  subdivided  into  three  categories  depending  upon  their  speed  of  repeti- 
tion. Slow  TTL  (STTL)  signals  are  those  with  a repetition  rate  of  less  than 
one  per  second.  Medium  speed  TTL  (MTTL)  signals  have  a repetition  rate  greater 
than  one  per  second  and  less  than  one  per  fifty  microseconds.  Finally  fast  TTL 
(FTTL)  signals  have  a repetition  rate  greater  than  one  per  fifty  microseconds. 

The  site  equipment  includes  an  alarm  scanner  which  monitors  up  to  forty 
on/off  alarm  switches.  This  has  its  own  local  display  board  which  is  a panel 
having  an  LED  indicator  for  each  alarm  monitored  plus  lamps  indicating  whether 
or  not  any  particular  alarm  is  major.  It  also  has  an  acknowledgement  feature 
which  allows  personnel  at  the  station  to  indicate  that  they  have  noticed  the 
alarm.  Until  they  have  done  so  the  lamps  indicating  which  alarm  has  been  trig- 
gered will  flash. 
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There  are  also  a baseband  monitor,  which  monitors  the  iju.it  i t v of  t bo 
received  signal  by  means  of  its  eve  opening,  and  an  analogue  voltage  scanner 
which  reads  np  to  thirty-two  voltages,  including  three  from  the  baseband  mon i 
tor,  and  converts  them  to  digital  values.  Finally  there  is  a measurement  aijui 
sltion  controller  (.MAC)  which  governs  the  activities  ot  the  analogue  voltage 
scanner  and  interfaces  between  it  and  the  control  centre  computer.  \nothet 
important  function  performed  by  the  MAC  is  an  event  pet  unit  lime  count  et  (1'1’llT) 
which  is  used  for  measuring  the  MTT1  and  FTTI.  signals. 

The  equipment  required  at  the  control  centre  Includes  a i emote  alarm  dls 
play  for  each  station,  giving  the  same  information  as  the  local  display,  a 
master  alarm  display  (MAD)  which  shows  the  alarm  status  ot  every  station,  and 
a computer  which  is  known  as  the  programmable  ATF.C  terminal  element  (FATF.) 
together  with  its  CRT  display  and  keyboard. 

The  control  centre  is  linked  to  the  network  stations  bv  two  telemetry 
channels.  One  channel  is  for  the  alarm  seannet  data;  it  is  a simplex  channel 
from  the  stations  to  the  con t roJ  centre.  The  bit  rate  ot  this  channel  is  75 
bits  per  second.  The  other  channel  is  a half  duplex  link  between  the  MAC’s 
and  the  control  centre  witli  a bit  rate  ot  150  bits  per  second. 

1.2.  ' M-ATKC  System  Outline 

The  site  equipment  required  lot  the  M-ATKC  system  is  shown  in  Figure  t . s . 

It  consists  ot  llu'  baseband  monitor  and  a single  mierooomput or  which  carries 
out  the  (unctions  ot  the  alarm  sc;  inter,  the  analogue  voltage  scanuci  and  some 
ot  tlu>  fund  ions  of  the  MAC. 

As  the  study  which  resulted  in  the  M ATKC  system  was  intended  only  tv' 
show  the  teasahllitv  ot  using  microprocessors,  no  work  was  done  on  the  t rans 
ter  of  the  recorded  data  I rom  the  microcomputer  to  the  control  centre.  Foi 
this  reason  no  Interfaces  are  shown  in  Figure  1.4. 

The  mi croeomput or  hatdware  is  shown  in  Figure  1.5.  It  consists  ot  the 
central  processor  (Cl’lO  , two  peripheral  interface  adapters  (1’lA’s),  one  asvn 
ehronous  commuuicat  Ions  interlace  adapt et  (ACIA)  and  read  only  l ROM)  and  random 
access  memory  (RAH),  all  Intern  nne<  I ed  by  address  and  data  busses  e shown. 


The  interfaces  to  the  CPU  through  the  PlA's  are  shown  in  Figures  1.6  and  1.7. 

Figure  1.6  shows  the  devices  served  by  P1A  number  one.  There  is  a time- 
base  generator  (TBG)  which  allows  the  F.PUT  counting  function  to  he  performed 
by  providing  an  interrupt  at  preset  intervals.  Upon  receipt  of  these  inter- 
rupts a counter  is  read  which  gives  the  number  of  events  of  that  kind  which 
have  occured  in  that  time  interval.  For  the  FTTL  signals  there  are  hardware 
counters  while  for  the  MTTl.  signals  the  count  is  performed  in  software  on  an 
Interrupt  basis. 

This  PIA  also  acts  as  the  interface  for  the  contact  closure  and  STT1  sig- 
nals which  are  treated  identically.  There  are  five  tri-state  buffers,  each  of 
which  can  switch  eight  signals  onto  a bus  which  goes  to  the  PIA  and  hence  to 
the  processor  data  bus.  The  processor  enables  each  buffer  in  turn  and  reads 
the  signals  which  are  preseat.  Two  of  the  buffers  have  flip-flops  a;  their 
Inputs  to  latch  those  signals  which,  though  having  a low  repetition  rate,  on  1 v 
appear  momentarily.  The  processor  clears  these  flip-flops  after  reading  t tie 
data. 

The  MTTL  signals  are  counted  through  this  PIA.  When  a pulse  arrives  it 
causes  an  interrupt  which  reads  which  of  the  two  MTTL  signals  caused  tin*  inter- 
rupt and  then  increments  an  appropriate  internal  counter.  These  counters  are 
read  when  a TBG  interrupt  occurs. 

Figure  1.7  shows  the  devices  served  by  PIA  number  two.  This  again  has 
five  tri-state  buffers  to  switch  different  signals  onto  a bus  on  command  from 
the  processor.  Four  of  these  buffers  have  eight-bit  counters  at  their  inputs 
for  counting  the  FTTL  signals  while  the  fifth  has  an  A/D  converter  for  reading 
the  analogue  voltages.  Thirty-two  voltages  can  be  selected  bv  the  processor 
using  the  analogue  multiplexer.  The  analogue  voltages  are  read  as  part  of  the 
regular  scanning  routine  while  the  counters  are  read  on  receipt  of  the  TBG 
interrupts . 

As  it  was  not  part  of  this  study,  the  control  centre  hardware  is  unchanged. 
1.  i Scope  of  This  Work 

l . 1.1  General 

There  are  two  main  objectives  behind  the  expansion  of  the  capabilities  of 
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the  M-ATEC  system  which  wiLl  be  described  in  this  thesis.  The  first  is  to  ex- 
pand the  system  to  include  those  functions  of  ATEC  which,  though  important  in 
a digital  communications  network,  are  not  fulfilled  by  M-ATEC.  The  second  is 
to  reduce  the  quantity  of  data  being  transmitted  to  the  PATE,  so  that  it  can 
control  more  sub-stations,  or  nodes,  than  before. 

In  line  with  these  objectives  several  new  tasks  were  proposed  to  RADC  as 
topics  for  investigation.  These  were  generation  of  test  tones  and  loopback  of 
duplex  lines  for  testing,  local  implementation  of  the  statistics  calculations, 
local  checking  of  parameters  for  correct  operating  level,  application  of  a 
microprocessor  to  the  baseband  monitor,  interfacing  the  system  to  the  PATE  and 
provision  of  a local  alarm  display.  In  addition,  should  more  than  one  micro- 
processor be  necessary,  the  division  of  tasks  between  them  must  be  considered. 

1 . 3.2  Statistics  Analysis 

In  the  ATEC  system  the  values  of  all  the  parameters  measured  are  trans- 
mitted back  to  the  PATE  where  statistical  analysis  is  done.  Approximately 
forty  different  measurements  are  made  every  thirty  seconds,  all  of  which  must 
be  transmitted.  The  PATE  calculates  the  mean  and  the  standard  deviation  of 
the  values  of  each  parameter  for  every  hour.  When  it  has  twenty-four  hourly 
values  it  then  calculates  the  mean  and  standard  deviation  for  the  dav.  At  the 
end  of  every  month  it  finds  these  values  for  the  month. 

The  microprocessor  should  easily  be  able  to  do  the  hourly  statistics  cal- 
culations and  transmit  the  values  to  the  PATE.  In  order  to  prevent  the  accum- 
ulating totals  of  the  parameters  reaching  unmanageable  proportions,  the  sta- 
tistics should  be  updated  continuously  rather  than  waiting  until  the  end  of 
the  hour.  Also,  since  the  PATE  already  has  a clock,  the  simplest  method  of 
telling  the  microprocessor  that  an  hour  has  elapsed  would  be  to  transmit  an 
interrupt  requesting  the  statistics. 

1.3.3  Parameter  Level  Checks 


In  addition  to  the  hard  wired  alarms  of  the  alarm  scanner,  the  voltages 


and  other  parameters  measured  by  the  rest  of  the  system  must  be  checked  to  see 
if  they  are  within  operating  limits.  At  present  this  check  is  done  by  the  PATE, 
which  consequently  requires  that  all  these  measurements  be  transmitted  to  it. 


In  keeping  with  the  effort  to  reduce  the  quantity  of  data  on  the  telemetry 
channel  and  to  allow  the  PATE  to  handle  more  nodes,  this  test  should  be  done 
locally.  In  the  ATEC  system  one  of  five  operating  levels  is  signalled  for  each 
parameter.  These  levels  are  red  high,  amber  high,  green,  amber  low  and  red 
low.  These  tests  can  easily  be  accomplished  by  the  microprocessor. 


1.3.4.  Baseband  Monitor 


The  baseband  or  eye  pattern  monitor  provides  an  important  test  of  the 
quality  of  the  radio  links  in  a digital  system.  The  equipment  at  present 
needed  for  this  test  is  complex  and  partly  digital  in  nature.  The  present 
circuit  shown  in  Figure  1.8  and  is  described  in  detail  in  reference  2.  As 
can  be  seen  in  Figure  1.8,  the  circuit  consists  of  a fast  parallel  A/D  conver- 
ter with  additional  circuits  controlling  the  voltage  levels  on  the  comparators. 
The  received  signal  can  have  one  of  three  levels  at  the  sampling  instants. 

These  levels  are  zero,  a positive  outer  level  and  a negative  outer  level.  The 
voltage  levels  on  the  comparators  are  controlled  such  that  a certain  percen- 
tage of  the  outer  level  samples  fall  either  between  the  2d  and  2d-b  or  the  -2d 
and  ~2d+b  levels  shown.  In  addition  the  amplitude  of  the  received  signal  is 
controlled  by  the  AGC  such  that  fifty  percent  of  the  outer  level  samples  fall 
outside  the  2d  and  -2d  levels. 

The  present  circuit  has  three  outputs  which  are  voltages  representing  re- 
ceived signal  level,  average  eye  opening  and  number  of  excessive  noise  bursts 
or  hits  (samples  between  the  d and  Nd  levels).  This  circuit  examines  everv 
sample  of  the  incoming  data,  but  the  microprocessor  does  not  have  the  speed  to 
do  this.  However,  the  only  purpose  for  which  it  is  essential  to  look  at  everv 
sample  is  the  hit  sensor.  Therefore,  the  present  hit  sensor  and  counter  should 
be  retained. 

The  microprocessor  can  sample  the  flip-flops  and  from  these  samples  de- 
termine whether  or  not  the  correct  percentage  is  falling  between  the  2d  and 
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2d-b  levels  ami  also  the  average  eve  opening.  The  onlv  i ti t or t ac lng  required 
for  this  will  he  l)/A  converters.  However  a microprocessor  dedicated  to  this 
task  would  be  required  and  its  cost  effectiveness  must  hi1  decided.  Since  the 
cost  of  an  eve  monitor  ot  this  type  would  be  approximately  $10,000.  a micro- 
processor should  prove  cost  effective. 

1.3. S 1 ocal  Alarm  Display 


The  M-ATKC  system  lias  no  facility  for  displaying  the  results  ot  the  alarm 
scan  either  locallv  or  remotely,  both  of  which  are  done  in  ATKi’.,  line  possible 
wav  to  provide  these  displays  is  to  program  the  microprocessor  to  output  t he 
alarm  state  in  the  message  format  required  for  the  telemetrv  channel  to  the 
remote  displays  and  use  a remote  display  at  the  local  site  as  well  as  at  the 
control  centre. 

The  acknowledgement  facility  will  have  to  be  provided,  but  this  can  be 
done  slmplv  bv  connecting  a switch  to  one  of  the  alarm  ports  of  the  processor 
and  then  checking  this  in  software. 

1.4  Processing  Time 

in  the  M-ATKC  system  almost  all  the  available  processing,  time  is  used  in 
processing  the  MTTI.  signals  because  of  the  method  of  handling  them.  This  is 
discussed  briefly  in  seet  ion  1.2.  1. 

When  an  MTTI.  pulse  arrives  it  is  latched  hv  a flip-flop  and  an  interrupt 
is  generated  which  causes  the  I lip  flop  to  be  read  and  cleared  and  an  appropri 
ate  internal  counter  to  be  incremented.  When  those  signals  are  oecuring  tic 
quentlv,  almost  all  the  processor's  time  is  used  in  servicing  these  interrupts. 

In  order  to  free  processing  time  for  other  functions,  the  MTTI  signals 
should  be  counted  in  an  external  counter  in  an  identical  manner  to  the  KTT1. 
signals.  The  Tilt;  already  provides  tin1  necessary  timing  signal  tor  reading  two 
extra  counters  as  it  provides  the  interrupt  signals  I o read  t he  two  internal 
counters  presently  used  for  the  MTTI  pulses. 


2 DATA  REDUCTION 


2.1  Requirements 

The  PATE  in  the  ATEC  system  receives  all  the  samples  of  every  analogue 
voltage  and  TTL  counter  parameter.  It  uses  these  values  for  statistical  anal- 
ysis and  alarm  level  testing.  With  the  intelligence  provided  at  the  individ- 
ual stations  by  the  M-ATEC  II  system  it  is  advantageous  to  do  these  things 
locally.  To  do  so  the  microcomputer  must  do  three  things.  These  are  alarm 
level  testing,  calculation  of  mean  and  variance  for  the  analogue  voltages  and 
calculation  of  the  mean  for  the  TTL  counter  values.  The  resultant  data  reduc- 
tion from  one  value  every  thirty  seconds  to  two  values  an  hour  for  each  para- 
meter is  very  large. 

This  data  reduction  has  two  advantages.  At  present,  since  every  sample 
is  being  stored,  an  enormous  amount  of  data  is  being  collected  at  the  control 
centre.  It  is  so  large  that  it  is  leading  to  data  base  management  problems. 

A recursive  method  of  calculating  the  mean  and  variance  based  upon  the  hourly 
values  to  be  received  from  M-ATEC  II  would  limit  the  size  of  the  data  base. 

In  addition,  the  combination  of  the  reduction  of  data  on  the  telemetry  channel 
plus  the  reduced  computational  load  on  the  PATE  will  allow  the  same  control 
centre  hardware  to  handle  more  stations  than  was  previously  possible.  The 
reduction  in  bandwidth  on  the  order  wire  also  allows  the  same  telemetry  channel 
to  handle  more  nodes. 

The  M-ATEC  II  statistics  routine  must  therefore  provide  values  of  the 
mean  and  variance  of  the  samples  of  the  analogue  voltages  for  each  hour  which 
the  PATE  will  then  use  to  calculate  the  daily  and  monthly  values.  The  trans- 
mission of  these  values  could  be  initiated  either  by  the  PATE  or  by  the  M-ATEC 
II  microcomputer.  Since  the  PATE  has  a clock  already  it  may  easily  be  pro- 
grammed to  send  an  interrupt  to  the  M-ATEC  II  microcomputer  once  an  hour. 

The  alarm  level  testing  function  of  the  PATE  must  also  be  Implemented  on 
the  M-ATEC  II  microcomputer  if  the  data  reduction  is  to  be  achieved.  The  PATE, 
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as  mentioned  in  section  1.3. A,  checks  every  parameter  for  one  of  five  opera- 
ting levels.  The  levels  are  green,  which  is  tile  usual  operating  level,  red 
and  amber  high,  and  red  and  amber  low.  This  test  is  done  simply  by  storing 
tile  alarm  levels  and  making  comparisons  against  ttiese  constants. 

2.2  M-ATEC  II  Statistics  Routine 
2.2.1  Algorithm 


The  M-ATEC  II  system  is  expected  to  sample  every  parameter  about  thirty 
times  a second  resulting  in  the  collection  of  about  110,000  samples  of  every 
parameter  in  an  hour.  The  traditional  way  of  calculating  means  and  variances 
is  to  use  tlie  expressions  in  equations  2.1  and  2.2  below. 

-(2.1) 
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where  n is  the  number  of  samples. 

Xj  are  the  values  of  the  samples. 

These  equations  require  that  the  sums  of  the  samples  and  of  the  samples  squared 
he  maintained.  If  one  hours  worth  of  samples  were  taken,  the  resulting  numbers 
would  have  to  be  handled  by  floating  point  arithmetic  routines.  However,  the 
same  recursive  system  proposed  for  the  PATE  would  prevent  the  numbers  becoming 
so  largo  because  only  a few  samples  would  be  collected  before  a calculation  of 
mean  and  variance  took  place. 

The  operation  of  such  a system  is  shown  in  figure  2.1,  which  shows  how  the 
individual  samples  are  handled  to  give  the  values  for  one  hour.  It  works  as 
follows.  K samples  are  collected  and  the  appropriate  sums  are  found.  Tlie 
mean  and  variance  are  then  calculated  by  equations  2.1  and  2.2  and  the  values 


m = 


n 

y x 
z. 

1=1 


and 


(x.)‘ 


are  stored  while  the  previous  sums  are  cleared.  A new  block  of  K samples  Is 
then  collected  and  the  mean  and  variance  of  them  are  calculated.  Wien  N blocks 
of  K samples  have  been  collected  the  mean  and  variance  are  calculated  for  all 
N*K  samples  and  this  value  Is  stored.  Once  an  hour,  upon  receipt  of  an  in- 
terrupt from  the  TATE,  the  values  of  mean  and  variance  for  the  blocks  of  N*K 
samples  will  be  combined  to  give  values  of  mean  and  variance  for  the  hour.  If 
N is  2^6  and  K is  128  then  values  of  mean  and  variance  for  approximately  three 
blocks  of  N*K  samples  will  be  available  for  calculating  the  mean  and  variance 
for  the  hour.  In  order  to  use  this  recursive  system  expressions  for  the  mean 
and  variance  of  a number  of  samples,  in  terms  of  the  previous  values  of  these 
quantities  for  smaller  blocks  of  the  same  samples,  must  be  derived.  Suitable 
expressions  are  shown  in  equations  2.3  and  2.4  below. 


- (2.3) 


L o + E m, 


- ( L mV 


- (2.4) 


where  q is  the  number  of  equal  size  blocks  for  which  q 
values  of  mean  and  variance  were  calculated. 

The  derivation  of  the  expressions  is  shown  in  Appendix  A. 

The  algorithm  for  the  statistics  routine  based  on  these  expressions  is 

shown  in  figure  2.2.  This  gives  the  sequence  of  events  each  time  a sample  of 

one  of  the  thirty-two  parameters  is  taken.  Normally  as  each  sample  Is  taken 

its  value  is  added  to  the  sum.  Also,  the  value  is  squared  and  this  square  is 

added  to  the  sum  of  the  squares. 

2 . 2.2  Implementation 

The  algorithm  just  described  must  be  implemented  in  software  for  the 
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this  Interface  is  not  part  o!  this  work,  the  values  destined  tor  the  PATH  will 
be  stored  In  the  data  area  for  that  parameter. 

There  are  two  suitable  addressing  modes , Indexed  indirect  and  indirect  in- 
dexed addressing.  In  indexed  indirect  addressing  the  contents  ot  the  X regis- 
ter are  added  to  the  second  byte  of  the  instruction  to  give  the  address  of  a 
location  in  page  zero  containing  the  address  ot  a loo.it  ion  elsewhere  in  memory 
containing  the  desired  data.  In  indirect  indexed  addressing  the  second  byte 
ot  the  instruction  gives  the  address  ot  a location  in  page  zero  which  is  a 
pointer  to  a location  elsewhere  in  memory.  The  contents  ot  the  Y register  are 
added  to  this  locat  ion  to  give  the  address  ot  the  required  data. 

Indexed  indirect  addressing  requires  a pointer  in  page  zero  for  every 
byte  of  data  which  is  to  be  accessed.  This  causes  great  difficulties  when  the 
required  piece  of  data  is  more  than  one  byte  long.  For  this  reason  indirect 
indexed  addressing  is  the  better  mode  for  this  application  because  a single 
pointer  may  be  used  which  is  changed  each  time  the  routine  is  called  and  then 
the  Y register  can  be  adjusted  to  give  the  required  byte  of  data. 

Using  the  memory  organization  shown  in  Figure  11.  d and  indirect  indexed 
addressing  the  assembly  language  programs  shown  in  Appendices  F-tl  can  be  writ- 
ten. Appendix  F is  the  main  statistics  routine.  Appendix  C is  the  subroutine 
which  handles  the  calculations  o!  the  mean  and  Appendix  H is  the  routine  to 
service  the  PATE  interrupt.  Each  time  the  routines  are  called  a pointer  to 
the  momorv  area  for  the  current  parameter  is  passed.  Also,  a value  is  passed 
to  subroutine  MEAN  in  the  Y register  to  locate  which  particular  data  it  is  to 
work  with  as  it  is  called  twice  for  each  parameter.  The  PATF  Interrupt  rou- 
tine has  its  own  pointer  in  page  zero  to  avoid  having  to  save  the  other  pointer 
when  the  interrupt  occurs. 

J.  I Alarm  level  Test 

The  alarm  level  test  is  merely  a series  of  comparisons  against  stored 
constants.  Those  constants  are  different  for  each  parameter  and  muv  conven- 
ient lv  be  stored  In  the  same  memory  area  as  is  used  hv  the  statistics  routine. 
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Indirect  Indexed  addressing  may  also  be  used.  A flow  chart  for  the  program  is 
shown  in  Figure  2.9.  By  storing  the  constants  in  the  same  block  ot  memory  as 
the  statistics  data  the  same  pointer  may  be  used  as  is  used  by  the  statistics 
routine.  The  routine  terminates  as  soon  as  the  alarm  level  is  found.  It  no 
alarm  level  is  found  then  a green  condition  is  signalled.  The  assemblv  lan- 
guage listing  is  given  in  \ppendix  1. 

There  are  four  alarm  levels  which  could  be  signalled.  Ked  is  for  failure 
and  amber  is  for  imminent  failure.  Additional  information  indicating  whether 
the  failure  is  above  or  below  the  normal  level  is  also  given.  Just  as  in  the 
PATE  interrupt  routine  the  data  destined  for  the  control  centre  is  stored  in 
the  memory  block  of  the  appropriate  parameter  because  of  the  lack  of  definition 
of  the  telemetry  channel. 

2. A Overall  Analogue  Voltage  Scan  Rout ine 
2. A.  I Interface 

The  analogue  voltage  scan  interface  is  shown  in  Figure  2.10.  It  is  verv 
similar  to  that  of  the  M-ATEC  system.  However  because  the  P1A  has  to  handle 
more  devices  than  before,  namely  the  MTTl.  counters,  the  control  decoding,  has 
to  be  modified.  Also  the  microprocessor  based  eye  monitor  will  output  a digi- 
tal value  for  the  eye  opening,  instead  of  an  analogue  voltage,  which  will  re- 
quire an  additional  tri-state  buffer  which  is  shown  in  the  figure. 

The  interface  consists  of  two  sixteen  input  analogue  multiplexers,  a sum 
pie  and  hold,  an  A/D  converter  and  two  tri-state  buffers.  PI  A2A  is  used  to 
output  control  signals  which  select  the  mult iplexer  input  and  enable  t he  re- 
quired devices  to"  connect  that  input  to  the  external  data  bus  which  goes  to 
PIA1A  and  hence  to  the  internal  data  bus. 

2 . A _.  2 Program 

The  analogue  voltage  scan  routine  controls  t lie  interface  and  governs  tin- 
reading  of  the  samples.  It  then  calls  the  alarm  test  and  stat  1st ics  subrou- 
tines. It  also  keeps  track  of  the  number  of  samples  so  that  tin-  statistics 


routine  knows  when  enough  samples  have  been  taken  to  make  calculations.  It 
the  statistics  routine  were  to  keep  this  count,  an  individual  count  would  have 
to  be  kept  for  each  parameter. 

A memory  map  for  the  routine  is  shown  in  Figure  2.12.  This  shows  both  the 
zero  page  registers  and  the  memory  block  for  each  parameter.  Figure  2.13  shows 
a flow  chart  for  the  program.  Each  time  the  program  is  run  it  increments  the 
number  of  samples  count  which  applies  to  all  the  parameters.  It  also  sets  tin- 
pointer  to  the  memory  block  for  the  first  parameter  and  then  starts  sampling 
the  parameters  and  calling  the  alarm  test  and  statistics  subroutines  modifying 
the  pointer  after  each  parameter  lias  been  sampled.  After  all  the  parameters 
have  been  sampled  the  number  of  samples  count  is  checked  and  if  it  is  K then 
the  counter  is  cleared.  The  assembly  language  listing  is  given  in  Appendix  .1. 

2.5  MTTL  and  FTTL  Signal  Processing 
2.5.1  TTL  Interface 

The  interface  for  the  TTL  signals  is  shown  in  Figure  2.14.  It  is  controlled 
through  PIA2  as  is  the  analogue  voltage  scan  interface.  Both  medium  and  fast 
TTL  signals  are  counted  in  external  counters  in  the  same  way  that  FTTL  signals 
were  counted  in  M-ATEC.  The  interface  consists  of  six  eight-bit  counters  each 
of  which  may  be  gated  onto  the  data  bus  to  PIA2A  through  tri-state  buffers. 

In  addition  there  is  a counter  in  the  eye  monitor  which  counts  noise  bursts. 
In  ATEC  and  M-ATEC  the  value  of  this  counter  is  represented  by  an  analogue  vol- 
tage level.  In  M-ATEC  II  however,  the  output  of  this  counter  will  be  read  di- 
rectly by  the  microcomputer.  An  extra  tri-state  buffer  is  needed  for  this  plus 
a control  line  to  clear  the  counter. 

In  order  to  obtain  a value  per  unit  time  for  the  counts  the  seven  counters 
must  be  read  at  predetermined  intervals.  A time  base  generator  will  be  used 
as  in  M-ATEC.  The  TBG  in  M-ATEC  provides  an  interrupt  every  440,000  microse- 
conds so  that  the  counters  are  read  every  2.64  seconds.  With  seven  counters 
to  be  read  the  TBG  interval  will  have  to  be  reduced  to  380,000  microseconds  so 
that  the  counters  are  still  read  every  2.64  seconds. 
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2.5.2  TTL  Interrupt  Routine 

On  receipt  of  the  Interrupt  from  the  TBO  this  routine  rends  nnd  clears 
the  next  counter  in  turn  and  adds  its  value  to  a sum  for  that  counter.  The 
alarm  level  test  subrout tne  is  then  called  to  determine  if  the  value  oi  the 
counter  is  an  alarm  Level.  Then  if  K values  have  been  read  for  a particular 
counter  it  calculates  t lie  mean.  When  it  has  N values  of  mean  It  calculates 
the  overall  mean.  The  l’ATK  interrupt  routine  then  uses  these  values  to  cal 
culate  the  mean  for  the  hour. 

This  prop, ram  is  very  mueh  like  the  statistics  routine  except  that  onlv 
the  mean  Is  calculated.  It  is  not  considered  worthwhile  to  find  the  variance, 
as  tiu1  counters  will  have  verv  small  readings  when  functioning  normally  but 
will  have  large  readings  when  things  start  to  go  wrong.  As  with  the  statis- 
tics routine  a set  of  values  must  be  stored  lor  each  counter.  The  memory  map 
for  the  TTl,  interrupt  routine  is  shown  In  figure  2.15.  Indirect  indexed  ad- 
dressing is  used  as  in  the  statistics  program  to  access  these  values. 

A flow  chart  for  the  program  is  given  in  figure  2 . 1<>  . During  initializa- 
tion of  the  system  the  pointer  is  set  to  the  memory  block  for  the  first  count- 
er and  the  counter  and  the  TSB  numbers  are  also  set.  When  the  routine  Is 
called  the  statistics  pointer  is  saved  and  the  pointer  toi  the  (list  count ct 
is  loaded  in  its  place.  The  counter  is  road  and  cleared  and  the  alarm  level 
cheek  subroutine  is  called.  If  enough  samples  have  been  taken  the  mean  is 
calculated.  Finally  the  pointer  and  oountet  number  are  set  up  loi  the  nest 
counter  and  the  stat (sties  rout  lne  pointer  is  restored.  An  assemble  language 
listing  for  the  TTl.  interrupt  routine  is  given  in  Appendix  K. 


1 Al.AKM  SCAN  DISPLAY 


i. 1 Requirements 


The  ATEC  alarm  scanner  scans  the  on/off  alarm  conditions  and  displays 
them  both  at  the  site  where  the  scanner  is  located  and  at  the  control  centre. 
These  displays  consist  of  a lamp  for  each  alarm,  two  lamps  indicating  either 
major  or  any  alarm  and  a lamp  which  lights  until  the  existence  of  an  alarm 
Iras  Seen  acknowledged  hv  personnel  at  the  site  of  the  alarm.  This  is  done  by 
closing  a switch  on  the  alarm  display.  This  switch  is  only  mounted  on  the 
displays  at  the  remote  sites  and  not  the  ones  at  the  control  centre. 

When  an  alarm  is  triggered,  the  corresponding  lamp  on  the  display  flashes 
together  with  the  non-acknowledge  lamp  and  a lamp  indicating  the  type  of  alarm 
which  has  occured.  When  live  acknowledge  button  is  depressed  at  the  site  of 
the  alarm  the  non-acknowledge  lamp  goes  out  and  the  other  lamps  become  steady. 

Anv  display  designed  for  M-ATEC  must  have  these  features.  In  addition  the 
microprocessor  should  be  programmed  to  output  the  data  in  the  format  required 
by  the  alarm  displays  at  the  control  centre  so  that  this  data  can  be  trans- 
mitted there. 

The  data  format  accepted  by  these  alarm  displays  is  shown  in  Figure  1.1. 
The  message  consists  of  two  types  of  characters:  begin  and  data  characters. 
Each  character  is  ten  bits  long  and  Is  separated  from  the  previous  character 
bv  fifteen  bit  Intervals  of  mark  hold.  The  begin  character  has  start  and  stop 
bits  and  a non-acknowledge  (NALK)  bit  which  is  set  from  the  time  an  alarm 
occurs  until  the  time  it  is  acknowledged.  Then  there  are  bits  specifying  the 
type  of  alarm,  some  filler  bits  and  the  character  ends  with  the  string  101. 

The  data  character  consists  ot  start  and  stop  hits,  bits  specifying  the  tvpe 
of  alarm  and  five  bits  giving  the  condition  of  five  of  the  alarms.  The  mes- 
sage consists  of  eight  data  characters,  giving  the  conditions  of  the  forty 
alarms,  preceded  bv  a begin  character.  This  message  is  being  updated  and 
transmitted  cont inuouslv. 
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3 . 2 0 isp lay  _Sys  torn  Dos  lj*n 

The  alarm  scan  display  hardware  used  at  the  control  centre  In  the  ATEC 
system  has  all  the  functions  required  for  the  local  display  except  the  acknow- 
ledgement switch.  A local  display  could  therefore  be  provided  simply  by  using 
control  centre  display  hardware  at  every  remote  site.  The  only  additional 
hardware  then  required  would  be  a push-button  acknowledgement  switch.  The 
rest  of  the  task  can  be  fulfilled  in  software. 

The  display  hardware  takes  care  of  flashing  the  lamps  when  the  NACK  bit 
is  set  in  the  begin  character  so  the  task  of  the  software  is  to  read  the  five 
eight-bit  alarm  words,  as  was  done  in  M-ATEC,  and  then  reformat  the  data  into 
eight  five-bit  words.  It  must  then  check  any  alarms  which  are  set  to  see  il 
they  are  major  alarms  and  using  this  information  it  must  build  the  data  char- 
acters ready  for  transmission.  Transmission  of  the  data  must  then  be  initia- 
ted and  the  begin  character  constructed  before  each  block  of  data  characters 
is  transmitted. 

The  data  rate  of  75  hits  per  second  over  the  telemetry  channel  will  allow 
three  characters  to  be  transmitted  every  second.  The  characters  will  be  trans- 
mitted through  the  microcomputer's  serial  interface  device,  the  AC’IA.  A block 
diagram  of  this  device  is  shown  in  Figure  3.2.  It  shows  the  various  registers 
within  the  device  and  the  pin  assignments  of  the  package.  The  AC1A  will  trans- 
mit the  eight-bit  word  which  is  placed  in  its  output  register  or  it  will  traits 
mit  spaces  depending  on  the  contents  of  its  control  register.  The  control 
register  contents  also  specify  how  many  start  and  stop  bits  are  transmitted 
before  and  after  the  character  and  which  ot  the  various  interrupts  are  act  iva 
ted.  The  ACIA  will  give  an  interrupt  when  it  lias  transmitted  the  contents  ol 
the  output  register.  The  ACIA  can  also  receive  serial  data  but  this  facility 
will  not  be  used  in  the  present  application. 

As  the  data  rate  is  so  slow  compared  to  the  speed  ot  the  prooessoi  an  in- 
terrupt driven  scheme  must  he  used  to  control  the  transmiss ion  and  allow  t ime 
for  other  processing.  The  opera t ion  of  the  system  is  shown  in  t igure  1.  1. 
Normally,  the  ACIA  is  transmitting  blanks.  Every  1/'  seconds  or  130,000  mi- 
croseconds an  interrupt  is  received  which  causes  the  contents  ol  the  control 


register  to  be  changed  so  that  the  ACIA  stops  transmitting  blanks.  The  next 
character  to  he  transmitted  is  then  placed  in  the  output  register  and  the  ACIA 
starts  transmitting  It.  Transmission  continues  without  any  intervention  from 
the  processor  and  when  it  is  completed  the  ACIA  generates  an  interrupt.  This 
causes  the  processor  to  load  a new  control  word  into  the  ACIA  which  starts  it 
transmitting  blanks  again. 

3 . 3 Inter fac e 

» 

To  the  processor  the  ACIA  looks  like  two  memory  locations,  one  the  con- 
trol register  and  one  the  output  register.  It  has  two  clock  inputs  one  which 
governs  the  transmission  data  rate  and  the  other  the  received  data  rate.  In 
this  case,  as  only  the  transmitter  half  of  the  ACIA  is  being  used,  a single 
75hz  clock  must  be  provided  at  the  appropriate  clock  Input.  The  ACIA  is  con- 
nected in  the  svstem  as  shown  in  Figure  3.4.  It  is  connected  to  the  processor 
address  and  data  buses  and  lias  external  connections  to  the  alarm  display,  the 
modem  for  the  alarm  telemetry  channel  and  the  75h?.  clock. 

An  interrupt  is  required  every  330,000  microseconds  and  the  simplest  way 
to  provide  this  is  to  have  another  time  base  generator  like*  the  one  which  pro- 
vides the  interrupt  to  read  the  TTl.  counters.  Since  a different  interval  is 
required  between  interrupts  another  TRC.  is  required.  Since  both  of  the  PlA's 
currently  in  the  system  are  fully  utilized  a third  PIA  must  be  added.  Since 
there  will  be  other  uses  for  this,  namely  interrupt  priority  control,  this  is 
no  disadvantage.  The  circuit  of  the  TBC.  and  its  interface  to  the  computer 
through  PIA3  is  shown  in  Figure  3.3. 

The  final  piece  of  hardware  is  the  acknowledgement  switch.  This  is  simply 
interfaced  to  one  of  the  ports  for  the  alarm  scan  routine.  It  should  bo  con- 
nected to  one  of  the  ports  with  a flip-flop  to  latch  the  occurrence  of  the 
switch  closure.  The  path  to  the  processor  data  bus  for  this  switch  is  shown 
in  Figure  3.6. 

1.4  Display  Software 

The  software  consists  of  three  programs.  These  are  a main  scanning  rou- 
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tir-  'hlch  reads  the  data  at  the  alarm  ports  and  builds  the  data  characters 
for  transmission,  an  interrupt  routine  which  fetches  the  next  character  tor 
transmission  and  loads  it  into  the  ACIA  output  register  and  an  Interrupt  rou 
tine  which  changes  the  ACIA  control  register  contents  so  that  it  transmits 
b lanks . 

The  flow  chart  for  the  main  alarm  scan  routine  is  given  in  tigure  ).7. 

The  program  reads  data  from  the  alarm  ports  and  takes  the  first  live  avail 
able  alarm  bits  for  further  processing.  If  any  alarm  is  set  it  checks  to  see 
whether  that  alarm  is  major,  then  constructs  the  consequent  data  eharaeter 
which  Is  stored  ready  for  transmission.  The  program  also  checks  I o see  it 
the  acknowledgement  switch  has  been  closed  and  stores  this  information.  Since 
a begin  character  must  be  built  later,  flags  indicating  major  alarm  and  NACK 
must  be  set  or  cleared  as  required.  An  assembly  language  listing  lor  the 
routine  Is  given  in  \ppendix  1,.  A subroutine  is  used  to  check  for  major 
alarms.  Figure  3.8  shows  the  flow  chart  for  this  subrout ine.  It  is  called 
from  the  alarm  scan  routine  and  the  number  of  the  alarm  word  which  is  to  be 
checked  is  passed  in  the  X register.  The  routine  simply  AND's  the  alarm  word 
passed  to  it  with  a stored  constant.  A non-zero  result  indicates  a majot 
alarm.  The  assembly  language  listing  for  the  routine  is  given  in  Appendix  M. 

Figure  3.9  shows  the  flow  chart  for  the  routine  which  is  executed  each 
time  a new  character  must  he  transmitted.  If  the  character  is  a data  charac- 
ter then  the  next  one  in  turn  is  loaded  into  the  ACIA  output  register  and  a 
new  control  word  is  loaded  into  the  control  register  which  causes  the  word  to 
be  transmitted.  if  the  next  character  is  a begin  character  then  this  must  hr 
constructed  using  the  flags  mont  lotted,  and  then  loaded  i it  the  ACIA  tor  t ran--, 
mission  to  the  control  cent  re.  The  assembly  language  listing  ot  the  program 
is  shown  in  Appendix  n. 

Figure  3.10  shows  the  flow  chart  for  the  routine  which  is  executed  on  re 
ceipt  of  the  ACIA  Interrupt.  This  simply  loads  a new  control  void  inti'  the 
ACIA  control  register  which  causes  it  to  transmit  blanks.  The  assemble 
gunge  listing  for  the  program  is  in  Appendix  0. 
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4 EYE  PATTERN  MONITOR 


4.1  Introduction 

4.1.1  The  Opening 

The  diagram  of  Figure  4.1  represents  the  eye  pattern  which  would  be  seen 
on  an  oscilloscope  if  a time  exposure  were  taken  of  the  voltage  at  the  Input 
to  the  decision  circuit  of  the  upper  level  T1  4000  multiplexer  under  ideal 
conditions.  At  the  sampling  times  the  voltage  would  be  at  one  of  three 
distinct  levels,  hence  this  is  called  a three  level  eye.  The  decision  cir- 
cuit will  sample  the  eye  pattern  at  the  sampling  time  and  decide  whether  the 
received  signal  is  an  upper,  centre  or  lower  level  signal.  Additive  noise 
causes  the  received  signals  to  deviate  from  the  ideal  levels  thus  widening 
the  lines  in  the  vertical  direction  as  shown  in  Figure  4.2.  As  the  noise 
increases  the  images  corresponding  to  the  upper,  middle  and  lower  levels 
widen  until  they  become  so  wide  that  there  is  no  longer  a clear  separation 
between  levels.  When  this  happens  the  decision  circuit  will  begin  to  make 
mistakes.  The  spaces  between  the  various  levels  at  the  sampling  instants 
are  called  the  eyes. 

The  size  of  the  eye  openings  relative  to  the  distances  between  centres 
of  the  adjacent  levels  gives  a good  figure  of  merit  for  the  performance  of  the 
RF  channels.  This  measurement,  because  of  its  distinctive  format,  provides  a 
means  of  predicting  performance  as  well  as  giving  a measure  of  present  time 
performance.  Also,  since  any  eye  monitor  would  be  connected  between  the  radio 
receiver  and  the  T1  4000  multiplexer,  it  is  useful  for  fault  isolation. 

4.1.2  Measuring  the  Eye  Opening 

The  circuit  of  the  present  ATEC  eye  monitor  is  shown  in  Figure  1.8.  This 
circuit  is  designed  to  measure  the  amplitude  of  the  signal  perturbations 
relative  to  the  signal  level  of  the  received  radio  baseband.  This  is  the  eye 
opening.  It  also  tests  for  bursts  in  signal  perturbations  and  collects  the 
burst  count  by  use  of  a counter.  This  data  is  used  to  monitor  short  duration 
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radio  link  disturbances.  The  monitor  also  provides  a measure  of  the  baseband 
signal  amplitude. 

To  obtain  these  measurements  the  output  of  the  radio  receiver  is  first 
processed  by  low  pass  filtering.  The  output  of  this  filter  is  in  three  level 
partial  response  format.  This  signal  will  have  the  format  described  in 
section  4.1.1  and  shown  in  figure  4.2.  The  amplitude  of  the  signal  at  the 
output  of  the  filter  is  controlled  by  the  ACC  such  that  half  of  the  outer  level 
samples  will  be  larger  than  fixed  internal  reference  voltages  labeled  2d  and 
-2d  in  Figure  4.2.  These  levels  correspond  to  the  ideal  upper  and  lower  levels 
of  the  three  level  signal. 

The  measurement  of  the  deviation  of  the  received  signals  from  these 
nominal  outer  levels  is  accomplished  by  generating  another  threshold  for  each 
of  the  outer  levels.  For  the  positive  outer  level  this  threshold  is  labeled 
2d-b  in  Figure  4.2.  It  is  controlled  such  that  a predetermined  percentage  ot 
the  outer  level  samples  will  occur  between  this  threshold  and  the  decision 
threshold  d.  As  the  monitored  signal  becomes  increasingly  noisy,  the  devia- 
tion of  the  signals  from  the  outer  level  increases  and  the  eye  closes.  As  it 
does  so  the  2d-b  level  moves  toward  d and  away  from  2d.  The  magnitude  of  b, 
therefore,  increases  with  increasing  deviation  of  the  samples  from  2d.  The 
negative  outer  level  is  monitored  in  a similar  manner. 

The  circuit  of  Figure  1 . S achieves  tills  In  the  following  way.  The 
received  signal,  after  filtering,  is  buffered  and  supplied  to  eight  voltage 
comparators.  The  d and  -d  comparators  arc  used  to  determine  which  ot  the 
three  levels  ts  received.  The  zero  comparator  is  used  lot  baud  timing 
recovery.  The  output  of  this  comparator  is  used  to  determine  if  the  zero 
crossing  was  early  or  late  with  respect  to  the  derived  cicc'.-  u\d  this 
Information  is  used  as  the  error  signal  for  a phase  locked  loop.  litis 
supplies  a clock  signal  which  gives  the  proper  time  to  sample  the  partial 
response  signal. 

The  signal  level  to  the  comparators  is  controlled  so  that  hall  of  the 


outer  level  samples  are  greater  than  +2d  or  less  than  -2d  as  described  above. 
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The  automatic  gain  control  circuitry  has  n long  time  constant  of  approximately 
2 seconds  so  as  not  to  respond  to  short  term  signal  level  variations  which  are 
measured  by  the  noise  burst  counter.  The  output  of  the  gain  controller  Is 
fed  back  to  a variable  gain  amplifier  at  the  input  to  the  filter  to  provide 
gain  control. 

The  ACC  circuit  is  shown  in  Figure  4.3.  The  mode  of  operation  is  as 
follows.  The  Q outputs  of  the  +2d  and  -2d  comparators  are  OR'ed  together  and 
fed  to  the  input  to  the  increase  gain  counter  and  those  of  the  d and  -d 
comparators  are  connected  to  the  decrease  gain  counter.  This  connection  is 
inhibited  bv  the  increase  gain  line  as  all  four  flip-flops  will  be  set  if  the 
sample  should  be  above  2d  or  below  -2d.  When  either  of  the  counters  reaches 
a value  of  eight  it  triggers  a pulse  generator  which  gives  a pulse  eight  bits 
wide.  This  pulse  is  used  to  control  either  the  charging  or  discharging  of  a 
capacitor.  The  voltage  across  this  capacitor  is  direct Iv  proportional  to  the 
ACC  control  voltage. 

Similar  circuits  are  apparently  used  to  control  the  2d-b  and  - (2d-b) 
reference  voltages.  For  the  positive  outer  level  the  reference  voltage  is 
controlled  so  that  the  predetermined  percentage  of  the  samples  occurs  between 
2d-h  and  d.  The  voltage  b is  averaged  with  the  similar  signal  for  the 
negative  level  and  this  output  is  the  measure  of  the  eye  opening.  The  time 
constants  of  the  control  loops  are  long  enough  for  a significant  number  of 
samples  to  be  collected  before  a change  is  made  in  the  reference  voltage. 

An  eighth  comparator  is  used  to  detect  major  deviations  from  the  positive 
outer  level.  This  Is  done  bv  detecting  samples  which  occur  in  t lie  narrow  band 
between  the  decision  threshold  d and  a reference  level  Nil  |ust  below  d.  The 
value  of  N is  selected  so  that,  under  normal  conditions,  there  will  hi'  one 
threshold  violation  every  few  minutes.  These  violations  are  counted  and  the 
eye  pattern  monitor  provides  a DC  voltage  which  is  a function  of  this  counter 
value.  The  other  outputs  of  the  eye  pattern  monitor  are  the  average  eve  dis- 
persion and  the  received  signal  level. 


4.1.3  Use  of  a Microprocessor 

Since  the  data  rate  of  the  received  signal  is  approximately  12.5  MHz  a 
microprocessor  can  not  operate  fast  enough  to  read  every  sample.  However  the 
purpose  of  measuring  the  eye  opening  is  to  find  the  mean  of  the  dispersion  of 
the  received  signal  at  every  sampling  instant.  Therefore  the  only  measurement 
for  which  it  is  necessary  to  read  every  sample  is  that  of  the  hit  sensor  for 
detecting  noise  bursts.  It  should  therefore  be  possible  to  replace  the  ACC 
and  reference  voltage  control  circuits  with  a microprocessor  as  shown  in  Figure 
4.4.  The  comparators,  flip-flops  and  filters  etc.  of  the  original  system  are 
retained  along  with  the  baud  timing  recovery  and  hit  sensing  units.  The  micro- 
processor will  sample  the  flip-flops  as  fast  as  possible  and  generate  values  foi 
the  AGC  and  reference  voltages.  It  will  also  provide  a digital  value  for  the 
dispersion  of  the  eye.  The  burst  counter  can  be  modified  so  that  its  value  can 
be  read  directly  just  like  the  counters  for  the  TTL  level  pulses. 

The  calculation  of  the  control  voltages  is  basically  a counting  job  for 
which  a microprocessor  is  ideally  suited.  The  task  can  be  accomplished  with 
six  chips:  the  CPU,  an  MCS  6530,  which  has  two  P1A  type  output  registers  and 
enough  RAM  and  ROM  to  contain  the  necessary  work  space  and  programs,  a <5520 
and  some  D/A  converters.  It  should  be  emphasized  that  this  processor  is  a 
second  one  which  is  completely  separate  from  that  which  is  used  for  the  alarm 
and  analogue  voltage  scanning. 

4.2  Hardware  Implement  at lo  i i 

4.2.1  Interface  Devices 

Because  the  software  for  the  eye  pattern  monitor  will  be  quite  short  it 
will  be  advantageous  to  use  the  MOS  technology  MCS  6530  peripheral  interface/ 
memory  device  for  the  interfacing.  A diagram  of  the  device  is  given  in 
Figure  4.5  which  shows  the  various  registers  and  devices  within  the  6530.  It 
has  two  eight  bit  bi-directional  output  ports,  each  with  its  own  data  direction 
register  to  set  the  direction  of  the  data  transfer  for  each  bit.  It  also  has 
a programmable  interval  timer,  a 1024  x 8 ROM  and  a 64  x 8 static  RAM.  The 
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chip  has  ten  address  lines  AO  to  A9  with  internal  mask  programmed  decoding  to 
decide  the  addresses  of  the  ROM,  RAM,  timer  and  I/O  ports.  For  the  present 
application  the  RAM  should  be  in  page  zero  so  that  the  zero  page  addressing 
mode  may  be  used  and  the  ROM  should  be  in  pages  2 to  5 with  the  two  I/O  ports 
also  in  page  zero  between  the  RAM  and  ROM.  The  internal  tinier  will  not  be 
used  in  this  application. 

Since  four  I/O  ports  are  needed  in  this  system  an  Ml'S6120  will  be  used 
for  the  other  two  ports.  This  is  Just  like  the  Motorola  b820  IMA.  Both 
these  devices  are  fully  described  in  17). 

4.2.2  Hardware  Conf igurat ion 

The  configuration  of  the  block  labeled  MPU  in  Figure  4.4  is  shown  in 
Figure  4.6.  This  shows  all  the  interfaces  between  the  microprocessor  and  both 
the  remainder  of  the  eye  monitor  and  the  M-ATEC  II  microcomputer . The  input 
to  the  processor  is  a seven  bit  word  made  up  of  flip-flop  outputs.  The  eighth 
flip-flop,  for  the  zero  crossing  detector,  is  not  required  for  calculating 
the  reference  and  control  voltage  levels. 

Since  the  flip-flops  are  clocked  much  faster  than  the  microprocessor  can  ; 

read  them,  a latch  is  needed  to  hold  the  value  of  the  outputs  long  enough  for 
the  microprocessor  to  read  it.  The  latch  is  enabled  by  the  Q output  of  a J-K 
flip-flop  which  is  clocked  by  the  complement  of  the  recovered  baud  timing 
clock.  When  the  processor  wants  to  read  the  flip-flops  it  outputs  a logic  1 
on  the  remaining  line  of  the  1/0  port,  which  goes  to  the  J input  of  the  flip- 
flop  with  its  complement  going  to  the  K input.  When  the  flip-flop  is  clocked 
the  output  becomes  a one  enabling  the  latch  which  will  then  follow  the  flip- 
flop  outputs  until  the  enable  goes  low.  Because  of  the  complemented  clock 
the  output  can  only  go  low  at  a time  when  the  flip-flop  outputs  are  stable. 

The  microprocessor  clears  the  line  to  the  .1  and  K inputs  causing  the  latch 
enable  to  go  low  as  described  and  then  it  reads  the  value  at  the  output  of 
the  latch. 

The  AGC  and  reference  voltage  values  are  stored  in  the  two  output 
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registers  of  the  6520.  When  these  values  are  to  be  changed  the  microprocessor 
simply  increments  or  decrements  these  locations.  The  outputs  are  connected 
directly  to  three  D/A  converters  the  analogue  outputs  of  which  are  connected 
to  the  reference  comparators  and  the  variable  gain  amplifier.  It  is  assumed 
that  the  positive  and  negative  outer  level  dispersions  will  he  the  same  so 
that  the  reference  voltages  will  have  the  same  magnitude  but  different  signs. 
The  sign  bit  of  the  positive  side  D/A  will  he  permanently  tied  to  logic  0 
while  that  of  the  negative  side  D/A  will  be  at  logic  1. 

The  remaining  port  of  the  6530  will  he  used  to  store  the  eye  dispersion 
measurement  value.  This  value  can  ho  read  hv  the  analogue  voltage  scan 
routine.  At  the  present  time  this  value  is  simply  the  magnitude  of  b just  as 
in  the  original  monitor.  A separate  port  is  used  so  that  if  in  the  future 
more  calculations  are  done  within  the  eye  monitor  a port  will  In-  available  to 
rvtnut  this  value. 

A.  1 Eye  Monitor  Software 

In  programming  the  eye  monitor  it  was  decided  to  follow  closely  the 
methods  used  in  the  hardware  version  of  the  automatic  gain  control.  Two 
counters  are  set  up  for  the  \CC  and  two  for  the  reference  voltage.  One 
counter  is  used  to  record  events  requiring  an  increase  in  the  controlled 
quantity  and  the  other  one  is  for  events  requiring  a decrease.  Just  as  will) 
the  hardware  AOC  both  positive  and  negative  outer  levels  will  ho  treated  the 
same. 

In  ttie  case  of  the  AOC  the  program  works  as  follows.  If  the  input  is 
above  +2d  or  below  -2d  then  the  decrease  gain  counter  is  incremented  and  ii 
the  input  is  between  d and  2d  or  -d  and  -2d  then  the  increase  gain  counter 
is  incremented.  When  either  of  t he  counters  reaches  a value  ot  eight  t lie 
control  value  in  the  output  register  is  incremented  or  decremented  as 
appropriate.  By  waiting  for  eight  samples  before  any  action  is  taken  some 
measure  of  damping  is  introduced  and  the  system  will  not  respond  to  short 
term  fluctuations. 

For  fhc  reference  voltage  level  a similar  svstetn  is  used.  This  looks 
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•t . 4 Simul.it  ion  ot  t ho  Ivo  Monitor 

S ome  ijuos  t i i'ii  hi.'-  I’i'i'ii  raised  .is  to  thu  s t ab  1 1 1 1 v ot  ottsot  t hrosho  Id 
ovo  it  torn  moil  i t ot  s -unh  .is  those  liusui  thml  .ibovo,  so  it  was  decided  1 1' 
undo  i t ako  a computet  simulation  o!  tliu  mni  i”.'i  arossoi  based  monttoi.  Ibis 
mvolvovi  writing  pioia  ams  tv*  s i mu  I at  o t lio  tunot  ions  ot  t bo  ovo  nionitoi  and 
to  provide  suit  ib  U'  signals  as  its  inputs. 

Hu'  simulat  ion  svstom  which  has  boon  designed  has  a program  model  toi 
t ho  aotual  ovo  mouitoi  wliioh  is  iilontio.il  in  tunot  ion  tv'  thu  program  ilosignovi 
tv't  tho  mioroprooossor . It  also  oontains  a program  tot  signal  gonorat ton 
wliioh  proviiios  oithoi  a throo  lovol  partial  i osponso  signal  generated  1 1 om  a 
r.unlom  soipiotioo  it  bitiarv  numbors  v'i  a signal  with  oonstant  lovol  samplos. 
Stop  ohangos,  additive  ikiussian  noise,  ramp  ohangos,  aiui  poridolc  ami  r.unlom 
tailing  mav  bo  .iiKioil  to  thoso  signals.  lliov  .no  t lion  passuil  to  tho  model  ot 
tbi'  ovo  pat  torn  nionitoi  wliioh  applios  a volt  ago  gam  tv'  tho  inoomlng  signal 
ami  determines  tho  ovo  oponing. 

I'ho  output  v't  tho  program  Is  a graph  showing  vutoroiii'u  voltago,  Adi' 
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onlv  at  thoso  inputs  wliioh  ooout  botwoou  vl  ami  Jd  v'i  between  -d  and  -Jd . Tho 
intention  horo  is  tv>  adjust  b sv'  that  a out  tain  porooutago  ot  thoso  samplos 
tall  botwoou  vl  and  .'d-b  v't  botwoou  -d  anvl  (Jd-hl.  Tho  programming  horo  is 
similar  tv'  that  toi  tho  Ant"  oxoopt  that  a dlttoiont  ituml'oi  ot  samplos  must 
bo  collected  abovo  .M-b  botoro  tho  totoronoo  lovol  is  laisod  thou  is  oo l loot od 
bo  low  it  before  tho  lovol  is  Iv'worovl  sv>  that  tin'  dost  rod  porooutago  is  ohtaiuod. 

A t l v'Vv  oh. ut  tv't  tin-  piogiam  wliioh  controls  hv'tli  Add  ami  rotoronoo  Vv'lt 
ages  is  given  in  Figure  4.  It  an  input  shows  a :i'tv'  lovol  samp l o thou  tho 

prv'gram  simplv  loops  bank  ami  iv'.ut'.  ain't  hoi  samplo  sv'  v'n  l v a tow  samplos  aro 
missod.  It  tin-  program  has  prooosiing  to  vio  t lion  moro  samplos  will  bo  missod 
but  , booausi'  ot  tho  vivorag.ing  ottoot  ot  tho  nioasuromont  , this  should  not  bo  a 
problem.  I'ho  program  list  tug  tor  the  ovo  pattern  monitor  is  given  in  Appendix 


voltage,  actual  eye  opening  and  measured  eye  opening  against  time.  This 
graph  is  produced  on  the  high  speed  line  printer.  t'he  measured  eye  opening 
which  is  plot -ed  is  simply  tie  separation  of  the  2d~b  and  the  -(2C-b)  levels 
l’ho  actual  eye  opening  is  the  separation  of  the  positive  and  negative  oViter 
level  samples.  Both  of  these  curves  are  for  illustration  only  and  are  intended 
to  make  the  results  easier  to  interpret.  The  eye  monitor  output  is  actually 
the  value  of  b.  In  order  to  produce  graphs  of  a suitable  size  for  inclusion 
in  this  report  the  system  was  designed  to  also  produce  a list  of  the  values 
used  to  plot  the  graphs  on  the  line  printer.  These  wore  transmitted  to  a 
remote  graphics  system  where  the  graphs  included  in  this  report  were  produced. 

The  first  test  which  was  tried  was  a positive  step  change.  The  resulting 
graph  is  shown  in  Figure  4.8.  Figure  4.8(a)  shows  the  various  parameters 
used  for  the  test  such  as  the  Input  selected,  the  details  of  the  interference 
being  added  to  the  signal,  and  parameters  within  the  eve  monitor.  All  four 
traces  are  plotted  on  the  graph  of  Figure  4.8(b).  The  four  traces  are  labeled 
as  follows:  B is  the  refetence  voltage;  A is  the  voltage  gain  of  the  ACC; 

E is  the  measured  eye  opening  and  V is  the-  input  signal  level.  The  unit  of 
the  time  axis  is  one  bit  interval  ol  the  12. 4 MHz.  signal  or  80ns.  For  .ill 
the  following  tests  a constant  outer  level  signal  was  selected  rather  than 
the  three  level  partial  losp-ise  signal  because  other  tests  showed  that  using 
a three  level  signal  had  no  ffect  on  the  results.  The  preset  percentage  use 
is  twenty- five. 

The  system  starts  i-  the  steal;  a e with  the  AGO  at  a g -.  i of  on  - and 
the  eye  wide  open.  At  a present  t ' positive  step  cha  ge  oc  rs  in  tin- 
input.  The  AGll  voltage  hen  drops  h low  on--  to  attenute  In  excessive  input 
and  it  continues  to  fall  unt  i he  -rrect  sample  balance  is  t igaiind.  Th 
reference  voltage  remain.,  constant  -util  the  ACC  has  adjusted  correctlv  he 
cause  until  it  has  done  so  there  will  be  no  samples  with  values  below  2d. 

When  the  AGC  has  adjusted  the  reference  voltage  in  fact  remains  at  the 
previous  value  but  it  Is  collecting  samples  again  and  it  can  be  seen  that 
the  idle  noise  resumes.  There  is  no  closure  of  the  eye  which  is  as  expected. 
This  is,  of  course,  an  artificial  case  which  is  used  only  to  check  for 
stability  and  it  would  not  occur  In  reality.  As  can  be  seen  from  the  graphs 


the  eye  monitor  shows  no  sign  of  instability. 

A negative  step  change  was  tried  next  and  the  results  of  this  test  are 
shown  in  Figure  4.9.  In  this  test  the  reference  level  started  dropping  at 
the  step  change  and  the  AGC  started  increasing.  The  reference  voltage  shows 
some  overshoot  but  the  AGC  appears  perfectly  damped.  Damping  can  be  varied 
by  changing  the  numbers  of  samples  which  must  be  collected  before  changes  are 
made.  Again  in  this  test  the  eye  monitor  shows  no  sign  of  instability. 

A negative  ramp  change  was  tried  next  and  these  results  are  shown  in 
Figure  4.10.  They  are  very  similar  to  those  for  the  negative  step  change 
with  both  AGC  and  reference  voltages  adjusting  more  slowly  than  with  step 
change  and  reference  voltage  showing  some  overshoot.  Once  again  there  is  no 
sign  of  instability. 

Gaussian  noise  with  a variance  of  0.25  was  then  added  over  the  ramp 
change.  The  results  shown  in  Figure  4.11  show  the  input  plotted  as  a series 
of  discrete  points.  The  eye  closes  at  first  as  the  monitor  makes  an  initial 
adjustment  for  the  noise.  Then  it  levels  off  until  the  ramp  starts  at  which 
point  it  starts  closing  again  while  the  AGC  increases.  Once  again  the  refer- 
ence level  exhibits  some  overshoot,  though  it  is  only  very  small.  After  the 
ramp  ends  the  eye  continues  to  close  because,  now  that  the  input  signal  level 
is  reduced  the  effect  of  the  noise  is  much  stronger  and  it  is  swamping  the 
signal  much  more.  However  the  monitor  remains  stable  throughout  this  test. 

Finally  sinusoidal  fading  was  tried  to  see  if  this  would  make  the  system 
become  unstable.  These  results  are  shown  in  Figure  4.12.  In  this  case  the 
AGC  almost  exactly  follows  the  sinusoid  while  the  reference  voltage  shows  onlv 
a slight  tendency  to  follow  it.  The  peak  value  or  the  reference  voltage  occurs 
somewhat  after  the  peak  of  the  sinusoid.  It  is  very  small  and  basically  the 
reference  voltage  yields  a measured  value  of  eye  opening  which  Is  approxi- 
mately the  mean  of  the  sinusoid  of  the  actual  eye  opening  and  the  monitor 
shows  no  instability. 

Other  tests  were  made  using  three  level  inputs  but  the  results  were  no 
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different.  The  only  effect  was  that  the  execution  time  of  the  simulator  was 
increased  because  more  samples  had  to  be  generated.  Various  combinations  or 
changes  were  tried  but  no  condition  was  found  which  would  cause  instability 
in  the  eye  monitor.  It  has,  therefore,  been  demonstrated  that  the  offset 
threshold  monitoring  concept  as  used  here  gives  a stahle  eye  monitor  with 
reasonable  results. 

4.5  Further  Development  of  the  Eye  Monitor 

Further  work  remains  to  be  done  in  several  areas,  such  as  selecting  the 
best  values  for  the  number  of  samples  taken  before  changes  are  made  to  obtain 
the  best  damping.  There  has  been  very  little  previous  work  done  on  this  sub- 
ject. No  references  were  found  which  were  of  any  assistance  except  for  (2). 
Further  work  also  remains  to  be  done  on  possible  uses  of  the  measured  data. 
Calculations  which  may  be  done  include  finding  the  bit  error  rate. 

In  the  ATEC  eye  monitor  the  signal  level  is  monitored  to  detect  degrada- 
tion in  the  received  signal  level  (RSL)  that  may  not  appear  as  eye  dispersion. 
When  the  monitor  is  installed  an  RSL  versus  eye  dispersion  calibration  table 
is  generated  and  stored  in  the  PATE.  The  value  of  RSL  corresponding  to  the 
eye  dispersion  is  compared  with  the  RSL  value  corresponding  to  the  PCM 
threshold  (~71dBin).  The  difference  is  known  as  the  baseband  eye  margin. 

The  measured  values  of  eye  dispersion  and  RSL  are  combined  to  provide 
the  actual  signal  to  noise  ratio  of  the  channel.  Knowing  the  S/N  ratio  and 
assuming  the  additive  noise  to  be  Gaussian,  the  bit  error  rate  (BER)  of  t lie 
channel  may  be  calculated. 

All  the  calculations  just  described  can  be  accomplished  within  a micro- 
processor based  eye  monitor  instead  of,  requiring  the  PATE.  A self  contained 
monitor  could  be  built  possibly  requiring  a second  processor  which  would  pro- 
duce values  for  channel  signal  to  noise  ratio,  bit  error  rate  and  eye  margin. 
These  measurements  wouid  be  a very  good  indication  of  the  state  of  the 
channel . 
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5 SYSTEM  CONFIGURATION 

5.1  System  Software 

5.1.1  Programs 

The  software  for  the  system  consists  of  two  main  programs,  four  Interrupt 
routines  and  some  subroutines.  Table  2 lists  all  these  programs.  The  routine 
which  initializes  the  system  ends  in  a loop  which  then  runs  continuously  calling 
the  two  main  programs:  the  alarm  scan  routine  and  the  analogue  voltage  scan 
routine.  This  program  is  described  in  section  5.3. 

The  interrupt  routine  TTLINT  services  the  TTL  counters.  PAT I NT  services 
the  PATE  interrupt  calculating  and  transmitting  the  hourly  values  of  mean  and 
variance.  ACAINT  services  the  interrupt  from  the  ACIA,  which  requests  more 
data,  resetting  the  control  word  in  the  ACIA  so  that  it  transmits  blanks. 

CHR1NT  services  the  interrupt  from  TBC.2,  loading  the  next  character  to  be  trans- 
mitted Into  the  ACIA  output  register  and  setting  the  control  word  so  that  the 
character  is  transmitted.  The  subroutine  CCRTN  services  the  contact  closure 
and  STTL  alarms  reformatting  the  eight  bit  alarm  words  into  five  bit  alarm 
words.  The  subroutine  ANVSCN  services  the  32  analogue  voltages  doing  alarm 
level  testing  and  calculating  statistics. 

The  software  requires  1536  bytes  of  RAM  and  2411  bytes  of  ROM.  Figure  5.1 
shows  a memory  map  for  the  entire  system  showing  the  various  storage  locations 
and  program  locations.  The  map  also  shows  the  interrupt  vectors,  the  stack 
pointer  and  the  interface  locations. 

5.1.2  Interrupt  Linking 

The  four  interrupt  programs  must  be  linked  in  such  a way  that  the  right 
program  is  called  for  each  interrupt  within  the  required  time  limit.  Table  3 
lists  the  interrupt  routines  and  the  time  by  which  each  must  be  serviced. 

The  MCS  6502  processor  has  two  interrupt  inputs:  a non-maskable  interrupt 
(NMI)  and  an  input  known  as  IRQ.  The  IRQ  input  may  be  disabled  by  a program 
which  must  not  be  interrupted.  Each  input  has  a vector  which  points  to  the 
program  which  is  to  be  executed  on  receipt  of  an  interrupt  at  that  input.  The 
NMI  input  has  priority  over  the  IRQ  input. 
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TTLINT  must  not  be  interrupted  hy  any  other  routine  and  (l  must  he  ser- 
viced immediately.  It  should  therefore  he  connected  to  the  NMl  Input  which 
will  automatically  disable  the  IRQ  input.  This  will  mean  that  the  TTl.lNT 
routine  can  not  be  masked  out  hy  any  other  routine  and  that  it  will  have 
priority  over  all  the  other  interrupts. 

The  ACAINT  and  CHRINT  routines  must  be  serviced  within  I,  ill  mu i oseooiuls 
so  that  tite  changes  to  tlte  ACIA  registers  are  made  by  the  time  the  next  bit  is 
to  he  transmitted.  These  routines  may  be  interrupted  by  TTLINT  and  still  be 
completed  in  time  but  they  may  not  he  Interrupted  hy  PAT  1 NT  as  it  executes  tot 
more  than  l.l  milliseconds. 

Tlte  PATiNT  routine  because  of  its  length  must  only  he  allowed  to  interrupt 
the  main  program.  But  it  must  not  even  he  allowed  to  do  this  during  the  time 
that  the  statistics  values  are  being  updated  hy  tlte  statistics  routine  in  t lie 
main  program.  PATINT  may  he  interrupted  by  any  of  the  other  routines. 

The  necessary  interrupt  priorities  can  be  accomplished  simply  by  hardware 
using  the  unused  half  of  IMA)  as  the  interface.  Figure  5.2  shows  t lit’  hardware 
required  to  Implement  the  scheme.  Interrupt  1 (front  TBIU)  Is  connected  to  the 
NMl  input  and  the  NMl  vector  points  to  the  start  of  the  TTLINT  routine.  Inter 
rupts  2,  3 and  4 are  latched  hy  flip-flops  whose  outputs  are  connected  to  a 
priority  encoder.  In  addition  the  flip-flop  which  latches  t ho  PATF  inter) upt 
is  connected  to  the  priority  encoder  through  an  AND  gate  so  that  this  interrupt 
may  be  disabled  bv  the  main  program  when  necessary.  The  outputs  of  the 
priority  encoder  are  NGR'ed  to  the  IRQ  input  and  thev  are  also  connected  to 
PIA3A.  The  data  read  from  this  port  is  used  to  determine  which  interrupt  has 
occured.  The  IRQ  vector  points  to  a special  program  which  dot  it  mint  which 
interrupt  is  to  be  serviced. 

A flow  chart  for  tills  program  Is  given  In  Figure  5. I and  the  a-  cmhl\ 
listing  Is  given  in  Appendix  Q.  This  program  reads  tlte  output  ot  tlte  prioritv 
encoder  and  uses  this  value  to  determine  the  target  local  ion  ot  a jump  to  the 
desired  interrupt  routine.  This  program  also  clears  tite  t lip  (lop  ready  tot 
the  next  Interrupt.  if  all  the  interrupts  should  occur  together  then  tlte  NMl 
will  be  serviced  first  followed  hy  tlte  interrupt  with  the  highest  input  to  t he 
priority  encoder  and  so  on.  The  individual  interrupt  routines  will  disable 
the  IRQ  input  as  necessary. 
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5.2  System  Hardware 

Figure  5.4  shows  the  equipment  required  at  each  station  of  the  network 
for  the  M-ATEC  II  monitoring  system.  There  is  the  microcomputer  which  accepts 
as  inputs  the  40  contact  closure/slow  TTL  signals,  the  32  analogue  voltages 
and  the  outputs  of  the  eye  monitor.  Other  equipment  includes  the  modems  for 
the  telemetry  channels,  the  eve  monitor  and  the  local  alarm  display. 

The  hardware  of  the  microcomputer  system  is  shown  in  Figure  5.5.  it  con- 
sists of  the  CPU,  three  PIA's  and  an  ACIA  interconnected  hv  data  and  address 
busses.  The  devices  served  by  the  PIA's  are  shown  in  Figures  5. 6-6. 8.  Figure 
5.6  shows  the  devices  served  by  PIA1.  These  are  the  tri-state  buffers  and 
flip-flops  for  the  contact  closure  alarms  and  TBG1  which  is  connected  to  this 
port  so  that  it  may  be  loaded  initially  with  the  right  time  interval. 

Figure  5.7  shows  the  devices  served  by  P1A2.  These  are  the  analogue 
voltage  scan  interface  and  the  TTL  pulse  counters.  This  PIA  also  serves  the 
eye  pattern  monitor  controlling  the  reading  of  the  value  of  the  eye  opening 
and  the  noise  burst  counter. 

Figure  5.8  shows  the  devices  served  by  PIA3.  These  are  TBG2  which  is 
initially  loaded  through  this  port  and  the  priority  encoder  for  the  interrupts 
which  was  described  in  section  5.1.2. 

5.3  System  Inlt iallzat ion 

When  tfie  system  is  first  started  up  there  are  several  initial  tasks  which 
must  be  carried  out  before  commencing  monitoring  operations.  These  Include 
setting  up  the  NMI  and  IRQ  vectors,  loading  the  time  base  generators  witli  the 
correct  time  intervals  and  setting  the  various  PIA  control  registers  so  that 
the  pins  are  set  as  inputs  or  outputs  as  desired. 

Figure  5.9  shows  a flow  chart  of  the  startup  routine  necessary  to  get 
the  system  running.  The  interrupts  are  first  masked  and  then  the  ACIA  is 
initialized  and  programmed  to  transmit  blanks.  The  interrupt  vectors  are  then 
set  and  the  time  base  generators  loaded  and  enabled.  The  program  to  load  the 
TBG's  are  then  reset  as  inputs.  Some  sort  of  synchronization  with  the  PATE 
must  be  carried  out  so  that  it  knows  when  to  send  the  hourly  interrupts. 
Finally  all  the  storage  locations  must  be  cleared  and  the  alarm  levels  and 
other  constants  must  be  stored.  The  contact  closure  routine  is  then  called  to 


generate  the  first  set  of  alarm  words.  The  interrupt  is  then  enabled  and  the 
program  enters  the  main  loop  calling  the  main  scanning  routines.  An  assembly 
language  program  for  this  routine  has  not  been  written  as  this  will  be 
dependent  upon  the  PATE  interface.  It  may  for  instance  be  best  to  query  the 
PATE  operator  for  the  alarm  levels  so  that  they  may  be  easily  updated.  There 
are  other  items  which  may  require  communications  with  the  PATE  as  well  such 
as  specifying  which  of  the  contact  closure  alarms  are  major. 


6 CONCLUSIONS 


At  the  outset  of  this  work  several  tasks  were  proposed  for  investigation. 
These  were  generation  of  test  tones  and  loopback  of  duplex  lines  for  testing, 
local  implementation  of  the  statistics  calculations,  local  testing  of  para- 
meters for  alarm  levels,  application  of  a microprocessor  to  the  eye  pattern 
monitor,  interfacing  the  system  to  the  PATE  and  provision  of  a local  alarm 
display. 

When  two  of  these  tasks  were  initially  considered,  a decison  was  made 
not  to  proceed  any  further  with  them.  The  first  of  these  was  the  loopback  of 
duplex  channels.  In  a digital  system  the  only  information  which  could  be 
gained  from  such  a test  would  be  the  bit  error  rate  of  the  channel.  Finding 
this  requires  a large  amount  of  data  to  be  statistically  valid  which,  in  turn, 
would  require  a long  time.  The  same  information  can  be  derived  from  die  eye 
pattern  monitor  and  also  from  the  number  of  violations  of  the  three  level 
partial  response  format  which  are  measured  in  the  T1  4000  multiplexer.  These 
tests  are  done  on  active  channels  whereas  for  loopback  the  channel  must  be 
disconnected.  It  is,  therefore,  not  worthwhile  implementing  such  a test. 

The  second  task  which  has  not  been  investigated  is  that  of  the  PATE 
interface  simply  because  it  is  beyond  the  scope  of  this  work.  This  interface 
is  involved  mainly  during  the  initialization  of  the  system.  During  this  time 
it  would  be  useful  if  the  PATE  operator  could  specify  such  things  as  the  alarm 
levels  and  which  alarms  are  to  be  considered  major.  It  would  be  worthwhile 
to  write  a monitor  program  so  that  th^se  items  can  be  set  bv  the  PATE  operator 
after  which  the  system  can  be  left  on  its  own.  Another  interrupt  could  be 
included  which  would  make  it  possible  for  the  operator  to  stop  the  M-ATEC  II 
system,  alter  these  values  and  restart  it  remotely.  All  that  would  be  required 
would  be  a jump  to  the  monitor  program  when  this  interrupt  occurs.  It  would 
also  be  possible  to  query  the  system  for  particular  values  if  desired.  The 
only  other  communication  necessary  with  the  PATE  is  the  hourly  transfer  of 
the  statistics  values  which  is  also  initiated  by  an  interrupt.  A data  format 
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must  be  specified  before  this  transfer  can  be  finalized. 

This  report  has  described  a system  in  which  all  the  other  tasks  mentioned 
have  been  implemented.  This  system  replaces  the  digital  ATEC  with  a reliable 
digital  system  offering  reduced  use  of  the  orderwire  bandwidth  and  the  PATE, 
which  means  that  the  same  PATE  and  orderwire  can  be  used  to  monitor  more 
individual  stations  than  was  possible  before.  This  system  can  also  provide 
remote  selection  of  major  alarms,  unlike  ATEC  in  which  these  were  hard  wire 
selected.  The  inclusion  of  a microprocessor  based  eye  monitor  means  that 
direct  readings  of  the  signal  to  noise  ratio  and  bit  error  rate  of  the  channel 
could  be  produced  which  would  give  an  excellent  indication  of  the  condition  of 
the  channel. 


It  is  desirable  that  a test  system  should  provide  some  indication  of  its 
correct  operation.  A self  test  routine  can  be  Included  in  M-ATEC  Tt  with  the 
provision  of  a special  test  program  and  some  additional  hardware.  For  in- 
stance extra  outputs  would  be  needed  to  allow  the  microprocessor  to  clock  the 
TTL  counters  to  test  their  correct  operation.  Further  interfacing  would  also 
he  necessary  to  allow  other  parts  of  the  system  to  he  exercised  by  the  micro- 
processor. Such  a test  routine  could  be  included  as  part  of  the  initializa- 
tion program.  A separate  program  could  also  he  Included  to  provide  the  special 
test  signals  for  signature  analysis  so  that,  in  the  event  of  a breakdown  in 
M-ATEC  II,  the  fault  could  be  traced  rapidly  using  this  relatively  new  tech- 
nique and  the  system  repaired  without  the  need  for  board  exchange. 

The  main  areas  in  which  further  work  would  be  valuable  lie  in  the  eve 


monitor,  as  described  in  section  A. 5,  and  in  the  area  of  self  testing  to  ensure 
reliable  monitoring  and  to  build  operator  confidence  in  the  system. 
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NOMENCLATURE 


ACAINT Data  Request  Service  Program(AClA  interrupt) 

ACIA Asynchronous  Communications  Interface  Adapter 

A/D Analogue  to  Digital 

ADDITN Addition  Program 

AGO Automatic  Gain  Control 

ALMTST Alarm  Level  Test  Program 

ANVSCN Analogue  Voltage  Scan  Program 

ATEC Automated  Technical  Control 

CCRTN Contact  Closure  Rout  Inc (A1 arm  Scan  Program) 

CHR1NT TBG2  Interrupt  Service  Program(Character  Interrupt) 

CPU Central  Processing  Unit 

CRT Cathode  Ray  Tube 

D/A Digital  to  Analogue 

DIVIDE Divide  Program 

EPUT Event  per  Unit  Time  Counter 

EYEMON Eye  Monitor  Program 

EDM Frequency  Division  Multiplexed 

F/F FI  ip-F.lop 

FKV Frankfurt  Koenigstuhl  Va it) ingen 

FTTL Fast  TTL  Level  Signals 

IRQ Interrupt  Request 

LED Light  Emitting  Diode 

MAC Measurement  Acquis  it  ion  Control  lor 

MAD Master  Alarm  Display 

M-ATEC .Microprocessor  based  Automated  Technical  Control 

M-ATEC  II Microprocessor  based  ATEC,  Version  2 

MEAN Subroutine  to  Calculate  Means 

MJACHK Ma  jor  Alarm  Check  Subrout  ine 

MLTPLY Mult  ipl lent  ion  Program 

MTTI Medium  Speed  TTL  Level  Signals 


N ACK Non- Acknowledge 

NM1 Non  Maskable  Interrupt 

PATE Programmable  ATEC  Terminal  Element 

PATINT PATE  interrupt  service  program 

PCM Pulse  Code  Modulated 

PE Pr lorit v Encoder 

PIA Peripheral  Interface  Adapter 

RADC Rome  Air  Development  Center 

RAM Random  Access  Memory 

ROM Read  Only  Memory 

STTL Slow  T'l'L  Level  Signals 

ST  ATI  S Statist  ics  Program 

SUBTRT Subtract  ion  Program 

TBC. Time  Base  Generator 

TDM Time  Division  Multiplexed 

TSB Tri-State  Bu  f f e r 

TIT Transistor  Transistor  bogie 

TTI. I NT TBCt  Interrupt  Service  Program(TTL  Counter  Service) 


QUANTITIES  REQUIRED  FOR  STATISTICS  CAl.CULAT 1 ONS 


TABLE  2 


M-ATEC  II  System  Programs 


Mnemonic 

Use  Size 

(bytes) 

Execution  time  (us) 

ADDITN 

Addition 

16 

31  + 21  for  eacti  additional 
byte  of  argument. 

SUBTRT 

Subtraction 

16 

31  + 21 

MLTPLY 

Multiplication 

65 

364  1188 

DIVIDE 

Division 

131 

1000 

STATIS 

Stat istics 

Calculations 

419 

39,600  97,000 

MEAN 

Mean  part  of 
statistics  calculations 

187 

531  ->  567 

PAT  INI 

Services  hourly  PATE 
interrupt 

449 

18,800 

ALMTST 

Tests  for  alarm  levels 

68 

37  > 73 

ANVSCN 

Analogue  voltage  scan 
routine 

96 

36,600  ->  133,600 

TTLINT 

Services  interrupt  from 
TBG1  to  read  counters 

250 

304  > 505 

CCRTN 

Contact  closure/STTL 
Scan  routine 

220 

267  ->  496 

MJACHK 

Checks  for  major 
alarms  in  CCRTN 

29 

25  28 

CHRINT 

Services  TBC2  interrupt, 
loading  next  character 
ACIA 

55 

63  ->  80 

ACAINT 

Services  ACIA  request 
for  more  data 

7 

19 

40 
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FIG  '-£  1.6:  DIGITAL  BASEBAND  ITOITOR  (EYE  PATTERN) 


FIGURE  2.2:  M-ATEC  II  STATISTICS  ROUTINE  ALGORITHM 

BEGIN 

Receive  a sample 
Sum  this  value 

Square  the  value  and  sum  the  squares 

If  K samples  of  this  parameter  have  been  measured 

THEN  DO  BEGIN 

Calculate  the  variance  of  the  K samples 
Sum  this  variance 

Calculate  the  mean  of  the  K samples 
Sum  the  mean 

Square  the  mean  and  sum  the  square 

Clear  the  storage  locations  for  the  K samples 

END  IF 

If  N blocks  of  K samples  have  been  collected 
THEN  DO  BEGIN 

Calculate  the  variance  for  fJ  b1  ocks  of  !<  samples 
Sum  the  variance 

Calculate  the  mean  for  U blocks' of  K samples 
Sum  the  mean 

Square  the  mean  and  sum  the  square 

Clear  the  storage  locations  for  the  N blocks 

END  IF 

If  an  interrupt  is  received  from  the  PATE 
THEN  DO  BEGIN 

Calculate  the  variance  up  to  the  time  of  the  interrupt 
Calculate  the  mean  up  to  the  time  of  the  interrupt 
Transmit  these  values  to  the  PATE 
Clear  storage  locations  for  the  N blocks  of  K samples 
END  IF 


FIGURE  2.6:  M-ATEC  II  DIVIDE  SUBROUTINE 
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FIGURE  2.7:  STATISTICS  SUBROUTINE  (cont) 


FIGURE  2.8:  PATE  INTERRUPT  SERVICE  ROUTINE 
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FIGURE  2.8:  PATE  INTERRUPT  SERVICE  ROUTINE  (Cont'd) 


FIGURE  2.9:  M-ATEC  II  STATISTICS  ROUTINE 
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FIGURE  2.10:  H-ATEC  II  ALARM  LEVEL  TEST  PROGRAM 
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FIGURE  2.11:  PI-ATEC  II  ANALOGUE  VOLTAGE  SCAN  INTERFACE 


FIGURE  2.12:  M-ATEC  II  ANALOGUE  VOLTAGE  SCAN 
ROUTINE  (ANVSCN)  MEMORY  MAP 
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FIGURE  2.15:  M-ATEC  II  ttl  interrupt  routine  memory  map 
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FIGURE  2.16:  M-ATEC  II  TTL  COUNTER  SERVICE  ROUTINE 


FIGURE  2,16:  tf-ATEC  II  TIL  COUNTER  SERVICE  ROUTINE  (cont) 


FIGURE  2.16:  M-ATEC  II  COUNTER  SERVICE  ROUTINE  (cont) 
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i-IGURE  3.3:  N-ATEC  II  ALARM  scanner  transmission  sequence 
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FIGURE  3. A:  M-ATEC  II  LOCAL  ALARM  DISPLAY  INTERFACE 


s 


* RESERVED  FOR  PIA3A 

INTERRUPT  PRIORITY 
CONTROL 


FIGURE  3.5:  M-ATEC  II  TIME  BASE 
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FIGURE  3.6:  M-ATEC  II  ACKNOWLEDGEMENT  SWITCH  INTERFACE 
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FIGURE  3.7:  M-ATEC  II  ALARM  SCAN  ROUTINE  (cont) 
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FIGURE  3.7: 


M-ATEC  II  ALARM  SCAN  ROUTINE  (cont) 
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FIGURE  3,7:  K-ATEC  II  ALAR**  SCAN  ROUTINE  (cont) 


FIGURE  3.7:  M-ATEC  11  ALARM  SCAN  ROUTINE  (cont) 


FIGURE  3,7:  M-ATEC  II  ALARM  SCAN  ROUTINE  (cont) 
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FIGURE  3.9:  Fl-ATEC  11  TBG2  INTERRUPT  SERVICE  ROUTINE  (cont) 


FIGURE  3.10:  AC1A  INTERRUPT  SERVICE  ROUTINE 
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FIGURE  4.2:  A NOISY  THREE  LEVEL  EYE 
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FIGURE  4.5:  MCS  6530  INTERFACE/ MEMORY  DEVICE 


! 


I Tfc  -►  VHf.  I TO  I NO 


THIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
FROM  COPY  FURNISHED  TO  UDC 


~>  /*> 

i 

Cm 

O 

0) 

o 

J 

M 

c. 

Hi 

i | 

i. . 

• J 

o 

n 

l “ 

• 

J 

** 

«* 

,V> 

c? 

o 

<J  1 

o 

• • 

U U 

o 

U5 

(, 

•• 

• • 

k-« 

K > 

> 

• 

iJ 

V 

7* 

»- . 

-J 

i.i  r 

< 

Hi 

O 

k- 

rj 

Q 

• • 

y 

• 

U 

’U 

U» 

!.jO 

►"» 

j* 

o' 

• • *•  « 

.J 

*■> 

I* 

<i 

s7 

o 

• • 

X 

tj 

iU 

JC' 

0" 

k- 

1 

i. 

C 

.1 

vJ  - * 

r > 

c > 

c^v-t 

1 > 

Y • 

5 

.1 

r j 

IU. 

v-  • ■> 

J 

J, 

) 

; , 

o 

J 

7 

- 1 

1 .1 

J. 

u; 

CY 

•• 

*- 

► 

»/ 

>— 

./I  ^ 

U u'-- 

V 

J 

c : 

’ ? 

— 

- 

'.  i 

1 

ii 

»~4 

c < 

r 

L 

c" 

J 

-I  _J  _J 

\ • 

C J 

i J 

“ 

J 

..  s-5? 

f 1 

:,iO 

J 

. ' 

j 

> -I 

• T 

I! 

». 

l .1 

) 

' 1 

c 

'ii 

K 

H 

-J 

Jc 

* 

iJ 

- • 

;» 

' J 

0 

Y 

.1 

la 

U L 

*. 

■ i 

J 

j -J  1' 

" C 

n 

V- 

J 

_j 

. ", 

i 

< : r 

* 

V- 

' 

A 

A 'w1' 

> . ’ 

II  • Jl 

i 

* 

1- 

1 

J 

2 r. 

l 

• t 

••T 

* fY 

J J 

' 

V-' 

- t 

it 

< , * 

« 

•j 

0 w- 

^ „> 

> ^ 

V.' 

i. 

si. 

W 

— * 

h-l 

C * 

r 

1 » 

# J 

i *~ 

M- 

r 

* *1 

x _ 

! 

i 

» 

’ 

■ i 

C.  — 

— j 

.J 

• 

i 

X 

►* 

K-  C 

*» 

~ 

►-  •«. 

— J. 

Z 

- 

Z‘ 

l ) 

• . . 

, , 

J 

i 

.4 

i . 

*~i 

-«  y 

/ 

a 

•i 

u 

• 1*  1 

i 'ii 

1 

1 

l 

I* 

■ 

l.l  iu  1.1 

u r 

Z 1 

7 

'M 

* 

*„ 

X 

j t 

k-  ►“ 

k—  a* 

► * 

k 

.J 

k- 

k- 

iK- 

< 

o 

UJ  n. 

f.> 

a 

r > 

< ui 

O 

V 

• U' 

OlU 

c 

Z 

III 

k-»  UJ 

z X 

v J 

lii  ^ 

a 

o > 

.J 

! • l 1 

UJ 

V . 1 

UJ 

V .* 

* 

y o 

UJ  UJ 

* 

0 

• 1 ►“ 

o -> 

uiu^ 

. . '* 

a < 

0 ’ J 

^U! 

tn  > • 

*r  I 

< r 

u*  c/>  cr 

7 o 

7 < t 

It  C)  . 
JO  • 

u>  • y 

'5  O 

k?  UJ 

-j  z 

* v 

<-*  o 

1 • 1 1 

3Z  »ui 

\:  n* 

y u1 : k 

uq  y 7 

U L U 

<u:  ui 

k-  , 

ia 

_ u* 

1-5  U V U-i 

— \ 1 _■ 

v x u 

x u:  Ck 

«•'  J > 

U Jlu 

' 1 • 

u •*  Ui  a 

. ' l. 

o:  s ^ 

• 

< lr  ui 

.j  ■ c 

• r -J  ~ 

• 1 1 

O 

‘ • »J  Isl 

c?  y j r 

• ) > * 

< u < 

1 . • -4 

Z UJ 

— * • 

< IS  K> 

1 

uu 

V/)H- 

‘k-  ^ .j 

J •“* 

IL  U K-  x. 

’ . ^ 

Ui  J > 

> ' 

lyitj 

. ) 

r.  n z -j 

.J 

n *-uj 

• r 

0 Ll  il 

C U u5  K 

. ‘ . ; C J 

Z 

» « !• 

L U5  Z U 

v c.  r.. 

1 uj  u 

*i  * 1 

y : 

♦ i - 

U UJ 

,j  • j j 

/OKI 

7 

-4  < a.  y 

»-  *T  l 

101 


FIGURE  4.3  (a):  SYSTEM  PARAMETERS  FOR  TEST  1 


simulation  system  for  eye  pattern  monitoring 
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FIGURE  ^4.9  (a):  SYSTEM  PARAMETERS  FOR  TEST  2 


'•(  *2  1 


TC  Qu\lity  nucnww* 

thi  s page  IS  SEST  q 

EKVW  con  IfUKHlsW^  W ^ 


i'  — ► 

C > a a 
I ' t.  ►- 
a J • 
l/*  l .. 


' a 

u »♦ 

i » -x 

l ’ * 

i * 

u.  ♦ 

in 

* 

* ) 

> ■** 

J ~ 

111 » 

u 

H * 

■3*  IaJ 

O i. 

l!  O 

> It 

/ 

in  * 

«1  f*'* 

* 

O I 

r 

O U 

t ' M 

•\  •• 

• • 

► • » 

v i> 

u> 

h*  «t 

i 1 j » « 

*-* 

•t  *» 

X *1 

-J  «» 

► U 

ij 

ll 

U‘  li 

m 

> w 

it!  l<' 

» . * 

«i  «i 

XU.  U 1 

Ui 

► u 1 u 

•t  « 

!'  O 

x> . 

O U 

1 .*  o > c 

> ►*«  x 

~ ljUl 

it  c 

> > > . 

f in  .. 

V-  V.  V j ►" 

U*”  • 

.•  u:  .J 

UJ  — 

V 

*•  -1 

1 

J \ . «■' 

""  i » ' > 

l • 

^ C > U l ’ 

l ' ui 

mJ 

-J  ^ 

1 

m _j 
t*.  JO 

J * 

... » ’ J* 

•k  » U u 

f\  U*  u 

* V ‘ .*  f 

> » U 

t »i  . 

•!  . U 

.•  • ? j k • 

i u>  X 

VJ 

u ► 

. / II 

u. 

•,  v ) < r.' 

Ill  / 

»i  *t  ) ? \ ,\  •;  i.  .>  t.i 

• :. 1 I i r v* 

» > \ \ ' ! » ' 

► . • * {•*  •’  ••  c * **•  ».J 

/ I > V.  »i  ' » U 

•—  i v * »'  * t'  . ’ i»  C.' 

w u U* 

, ■ i ,r  i U m <1  U* 

: i u t i .j  i *u  i 

j I K IU  ► 


< O 
• u* 

►-  li  I K 

v.  > a ^ ? 

< c.  5 u> 

\j\ 

U>  u > u 
v X il 
«.  a.  a 

o -J  ui 

U • a u 


i?  > ..J  T 

*4  uJ  *4 

/ U 

l ’ u>  ►*  * 

^ U>  K 

ui  * _J 

a va^  r-  o 

l i.  a 

Q n -j 

n i 

n uj  *> 

o u » 

mm:  i* 

X ►-  u- 

K-  X 

i.  ’ u* 

/ O ► X 
►-«  *i|  *1  K 


~P  -i 

u 

i;  . i 

-1  . W L> 


' l u 

n - • r. 

o h 

l V ' • t ' 

.1 

► V.  ‘I 


-—tm.  — i .■»  — ...  k.«  i mUfr/l  in  


SYSTEM  PARAMETER  FOR  TEE 


*'  ;l  /•  r 


THIS  FAQE  IS  BEST  QUALI  XV 
RUM  QQtfX  i'UWUSiiiiD  IV  UUQ  , 


ALTERS  FOR  TPS 


I *OI_A  T I iJf.  CCNSTAN  ! S 


at  I 


THII  PAGE  IS  PEST  QUALITY  FRACIlwAiUi 
COt  Y * UiUULiUu)  IV  UDfi 


* 

♦ 

« 

u 

z * 

U * 

• 

UJ 

a * 

K * 

» 

in 

U * 

3 * 

♦ 

•-* 

f-  « 

J t» 

« 

< cc 

f-  * 

<n  * 

♦ 

cr 

< * 

u * 

♦ 

Q.  * 

a * 

• 

UJ  •• 

• 

* 

♦ 

a.'  in 

UJ  * 

J # 

# 

+* 

> * 

UJ  -If 

4f 

c 

UJ  * 

H-  * 

♦ 

-JuJ 

» 

s/»  # 

nr  # 

>-  * 

# 

3 <f 

n * 

Jl  if 

> 

X X 

U * 

* 

* 

in 

# 

^ if 

o 

iT 

> * 

U # 

» 

o 

-J 

UJ  * 

— » 

if 

o 

UJ 

f~  * 

k « 

• 

o 

> UJ 

iO  * 

«r  * 

♦ 

o 

tJO 

V » 

-J  * 

* 

• 

_j  r 

if 

2 * 

* 

o 

< n ct* 

if 

X # 

♦ 

o 

ui 

.**  * 

—t  # 

• 

o •• 

JO 

c * 

w>  % 

• 

o in 

o<  • • .. 

-*  * 

_J  * 

ui  — -1  a''  T < 

-J  ♦ 

3 * 

•J  Oh 

za  a 

3 * 

: j* 

• « > • * 

III  u 

I it 

►>' 

y*  u o ■'  - i 

Lrt  l'1 

# 

J)  * 

••—JO  -f  J 

<1  »t 

v-)  if 

* 

L'  O •■  t j. 

l.l  UJ 

if 

< * 

*"*  J J C l ' — n. 

it 

< if 

UJ  C?  - - CL' 

L>  U'O 

3>.Y  • O 

III  7 l'1 

is-  L'  J L-  O J a J 

.-  a -o 

-i  J Z*  ^ — UI'.. 

u.  o 

uyn'-i/'v.'o'-U"  • 
ll  O *■*  ....  'U  — 

A < L AO l_l_l_' 

- v.’  u > _j  _)  w _)  - o 

•s  u ui  o ? l y ••  o > — 

: r l «t  cc . ' o a>  i 0 u 

- w H J -1C 

Z J J.1  .J  ^ ..1  J 

id  au.Ec  w . u j •-  -i  O 
I JO  I c T 

h a a l' 

■*  i i *a'  J.  i.  o — ni 

«t  7 . ? 

•"  ruo  J r 


» >■ 

O CD 
_IZ 

< — o 

JZ  »UJ 
KUI«  o 

ua  v z 
<to:  ui 
i n 

io  ui  > uj 

>oia 

A.  UJ  LL 

U —I  UJ 

IJ  • UI  Ll 

®:  > 

< uj  to 

• i J — 

O 

A"  >•  J CD 

< ID  « 

•A  UJ 

• L1L3L3 
CttJ  — *» 
J ►-  LO  h- 
UJ  A _J 


O L.J  — 

&]  UJ  f~  u 

1 1 » ^ 

J^>UQL 

AW  u. 

in  d > 

> M *.a 

/ MM 

u a j i ' a ." 

x uj  a 

t.  w'  O 

J J*-  ►- 

— O 

a a * -j 

J < 

^ 

A A U(t  U — 

<Q  wO 

f-  a. 

U’—  « JJJ 

« d a w r «■> 

nr  uj  a 

f*  IT 

f-  c ' r .. 

; w il-  y-  — 

OCX  OK 

• V ' 

;• « ~ ^ ip 

S L' 

z 

*■«  M.  •— 

T V t : < - 

•i  j ..  r in.' 

UJIAC  U 

v%  O 

^ 1 y J 

r ;•  \ .•  i a 

I 

T 7 3 

tu  w o 

f-  « 

-I'l'U  J »u: 

* IX  llL.  ll 

V UJ 

• ici 

r : * 

f t i r ..  r 

7 o v X 

Z jJ 

fc"  fc-  W 

J K A A .0  - 

CXK 

f-  i \ 

109 


FF'JRE  4.12  (a):  SYSTEM  PARAMETERS  FOR  TEST 
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FIGURE  5.9:  INITIALIZATION  FLOW  CHART 


FI  (HIRE  5.9:  SYSTEM  INITIALIZATION  FLOW  CHART  (Cont'd) 
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Equation  (3)  is  a useful  expression  for  calculating  the  variance.  The  overall 
mean  of  several  equal  size  blocks  of  samples,  mor»  is  given  by 


,^xi  where  N = q x n is  the  total  number  of  sam- 

N pies  q is  the  number  of  blocks  of  samples 
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To  find  n similar  formula  for  calculating  the  variance  it  Is  first  necess- 
ary to  find  an  expression  for  the  overall  mean  In  terms  of  the  mean  of  the  Int 
est  block  of  samples  plus  a sum  of  the  other  means. 

From  equation  (4) 
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then  the  overall  variance  for  N samples  where  N = n.  + n.,  + +n  is  given 

1 l q 

by; 


No  = E [£/,/\  (x  ~ M )]  where  M = overall  mean  of  the 
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If  K=j  then  substituting  equation  (6)  for  gives 
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If  all  the  blocks  of  samples  are  the  same  size,  i.e.  all  are  equal,  then 
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APPENDIX  B 


ADDITION  SUBROUTINES 

Cycles  Label  Mnemonic  Comments  Bytes 

This  routine  can  add  numbers  up  to 
four  bytes.  Addend  is  placed  In  lo- 
cations ADD  to  ADD+3,  The  augend  is 
placed  in  AUG  to  AUG+3,  Size  speci- 
fies the  number  of  bytes  to  be  added, 

The  X register  is  used  for  control. 


2 

ADDITN : 

CLC 

2 

LDX 

o 

o 

4 

LOOP: 

LDA 

ADD, 

4 

ADC 

AUC, 

4 

STA 

AUG, 

2 

I NX 

2 

TXA 

3 

EOR 

SIZE 

2 

BNE 

LOOP 

6 

RTS 

Zero  page  indexed 


Can't  use  CPX  because  it  affects 
the  carry 


2 

2 

2 

2 

1 

1 

2 

2 

1 


This  routine  requires  16  bytes  ROM 
+9  bytes  RAM. 

It  takes  31  Microseconds  for  one 
byte  and  21  microseconds  for  each 
additional  byte. 


B-L 


APPENDIX  C 

M-ATEC  II  SUBTRACT  ROUTINE 

Cycles  Label  Mnemonic  Comments  Bytes 

SUBTRT:  This  routine  handles  numbers  up 

to  four  bytes.  The  subtractor 
is  placed  in  locations  ADD  to 
ADD+3.  The  subtrahend  is  placed 
in  locations  AUC  to  AUG+3.  The 
result  is  placed  in  locations 
AUG  to  AUG+3.  The  size  of  the 
arguments  is  given  in  SIZE. 

The  X register  is  used  for  control 


2 

SEC 

Set  carry 

1 

2 

LDX 

#00 

2 

4 

LOOP: 

LDA 

AUG, 

X 

Load  accumulator,  zero  page 
indexed,  with  first  byte  of  the 
subtrahend 

2 

4 

SBC 

ADD, 

X 

Subtract  first  byte  of  subtractor 

2 

4 

STA 

AUG, 

X 

Store  result  in  AUG 

2 

2 

INX 

Increment  X register 

1 

2 

TXA 

1 

3 

EOR 

SIZE 

Exclusive  OR  of  X and  SIZE 

2 

2 

BNE 

LOOP 

Result  is  zero  if  (X  = SIZE) 

2 

6 

RTS 

1 

SUBTRT  requires  16  bytes  ROM  and 
the  same  bytes  of  RAM  as  the  rou- 
tine ADDITN.  It  takes  3iu,s  for  one 
byte  numbers  and  21p,s  for  each  ad- 
ditional bvte. 


APPENDIX  D 


1 


! 


MULTIPLICATION  SUBROUTINE 

Cycles  Label  Mnemonic  Comments  jty 

This  routine  multiplies  any  combin- 
ation of  1 and  2 byte  numbers.  The 
size  of  the  multiplier  is  specified 
in  MSIZE  and  the  size  of  the  result 
in  SIZE.  The  multiplier  is  placed 
in  locations  MULP  and  MULP+1.  The 
multiplicand  goes  into  locations  ADD 
and  ADD+1.  The  result  will  be  placed 
in  AUG,  AUG+1,  AUG+2  and  AUG+3.  Sub- 
routine ADDITN  is  called  by  this  rou- 
tine. 


2 

MLTPLY : 

TYA 

1 

3 

PHA 

Save  Y register 

1 

2 

LDA  #01 

2 

3 

CMP  MSIZE 

Check  for  size  of  multiplier 

2 

2 

BEQ  1BYTE 

2 

2 

LDY  #16 

* 

2 

2 

LDA  #00 

* Initialize  for 

2 

3 

STA  AUG+2 

* two  byte 

2 

3 

STA  AUG+3 

* multiplier 

2 

3 

JMP  CONTI 

* 

3 

2 

1BYTE: 

LDY  #08 

@ 

2 

2 

LDA  #00 

@ initialize  for 

? 

3 

STA  AUG+1 

@ one  byte 

2 

3 

STA  AUG+2 

@ multiplier 

2 

3 

STA  AUG+3 

2 

2 

CONTI: 

LDA  #02 

2 

3 

CMP  MSIZE 

2 

2 

CLC 

clear  carry 

1 

2 

BNE  C0NT2 

2 

5 

ROR  MU L P+1 

If  multiplier  is  two  bytes  then 

2 

rotate  right  the  M.S.  byte 


< t 


L • 


D-l 


A 


Cycles 

Label 

Mnemonic 

Comments 

Bytes 

5 

C0NT2 : 

ROR  MULP 

Rotate  right  L.S.  byte 

2 

2 

BCC  C0NT3 

2 

6 

JSR  ADDITN 

Add  multiplicand  to  result  if  carry 

set  3 

5 

C0NT3 : 

ROL  ADD 

2 

5 

ROL  ADD+1 

2 

2 

LDA  #04 

2 

3 

EOR  SIZE 

EOR  not  CMP  because  CMP  affects  the 
carry 

2 

2 

BNE  C0NT4 

2 

5 

ROL  ADD+2 

If  four  byte 

2 

5 

ROL  ADD+3 

Result  specified 

2 

2 

C0NT4 : 

DEY 

1 

2 

BNE  CONTI 

Branch  back  for  next  shift 

2 

2 

PLA 

1 

2 

TAY 

Restore  Y register 

1 

6 

RTS 

1 

This  routine  needs  65  bytes  ROM 
+samo  9 bytes  RAM  as  routine  ADDITN 
+3  bytes  RAM  extra. 

A 1*1  byte  takes  a maximum  of  748 
microseconds 

A 1*1  byte  takes  a minimum  of  364 
microseconds 

A 2*2  byte  takes  a maximum  time  of  1188 
microseconds 

A 2*2  byte  takes  a minimum  time  of  530 
microseconds 


APPENDIX  E 


M-ATEC  II  DIVIDE  ROUTINE 


Cycles  Label  Mnemonic  Comments  Bytes 

DIVIDE:  This  routine  will  divide  either 

2 or  3 byte  numbers  by  1 byte 
numbers.  The  dividend  is  placed 
in  AUG  to  AUG+3  and  the  divisor 
is  placed  in  ADD  to  ADD+3.  The 
result  will  appear  in  MULP  and 
MULP+2.  The  size  of  the  dividend 
is  given  in  MSIZF.  and  SIZE  and  both 
X and  Y registers  are  used  for  con- 
trol. 


2 

LDA  It 03 

2 

3 

CMP  MSIZE 

Determine  size  of  dividend 

2 

2 

BEQ  3BYTE 

2 

2 

LDA  It  24 

2 

3 

STA  SIZE 

Load  size  with  check  count 

2 

2 

LDA  #00 

2 

3 

STA  MULP 

2 

3 

STA  MULP+1 

Clear  quotient  buffers 

2 

2 

LDX  Itl 6 

2 

2 

LDX  #01 

Complete  initialization  for  two 
byte  dividend 

2 

3 

JMP  CONTI 

3 

2 

3BYTE : 

LDA  It 32 

Start  initialization  for  3 byte 

2 

3 

STA  SIZE 

dividend 

2 

2 

LDA  #00 

2 

3 

STA  MULP 

2 

Cycles  Label 


Mnemonic 
STA  MULP+1 


Comments 


Bvtes 


STA  MULP+2 


L1)X  // 02 


LDY  #24 


Initialize  shift  count  for  3 
bvte  dividend 


CONTI: 


Left  justify  divisor  and 


CPY  SIZE 


check  for  zero  divisor. 


BMI  C0NT2 


If  -ve  divisor  ^ 0 


.IMP  C0NT3 


Makes  divisor  appear  as  a 1 if 
it  should  be  zero.  This  is  to 
prevent  crash  of  program 


C0NT2 : 


AS1,  A00 


Left  shift  divisor 


C0NT3: 


BCC  CONTI 


ror  Ann 


If  carry  clear,  divisor  is  not 
yet  loft  justified. 

Bring  most  significant  digit 
back  into  ADD  from  carry.  Divisor 
is  now  left  justified. 


LOOP: 


BCS  C0NT4 


Branch  if  carrv  set 


I.DA  AU 0+2 


CMP  ADD 


BMI  CONTS 


ROL  MIILP 


ROL  MULP+1 


Left  shift  quotient  making  Isb 
equal  to  l 


E-2 


Cycles 

Label 

Mnemonic 

Comments 

Bytes 

5 

ROL  MULP+2 

2 

2 

SEC 

1 

4 

LDA  AUG,  X 

3 

SBC  ADD 

Subtract  divisor  from  most 
significant  byte  of  dividend 

•y 

4 

STA  AUG,  X 

3 

3 

JMP  CONT6 

3 

2 

C0NT5 : 

CLC 

1 

5 

ROL  MULP 

2 

3 

ROL  MULP+1 

Left  shift  quotient  with  l.s.b. 

2 

5 

ROL  MULP+2 

becoming  0. 

2 

3 

JMP  CONTb 

3 

2 

C0NT4 : 

SEC 

1 

5 

ROL  MULP 

2 

5 

ROL  MULP+1 

Left  shift  quotient  with  l.s.b. 

2 

5 

ROL  MULP+2 

becoming  1 

2 

2 

SEC 

1 

4 

LDA  AUG,  X 

2 

3 

SBC  ADD 

2 

4 

STA  AUG,  X 

2 

2 

C0NT6 : 

DEY 

1 

2 

BEQ  RETURN 

2 

2 

LDA  //03 

2 

3 

CMP  MSIZE 

2 

Cycles 

Label 

Mnemonic 

Comments 

Bytes 

2 

BEQ  CONT7 

2 

2 

CLC 

1 

5 

ROL  AUG 

Shift  two  byte  dividend 

2 

5 

ROL  AUG+1 

to  the  left 

2 

3 

JMP  LOOP 

3 

2 

C0NT7 : 

CLC 

1 

5 

ROL  AUG 

Shift  three  byte  dividend 

2 

5 

ROL  AUG+1 

to  the  left. 

2 

5 

ROL  AUG+2 

2 

3 

JMP  LOOP 

3 

6 

RETURN : 

RTS 

Return  from  subroutine 

1 

Subroutine  DIVIDE  requires  131 
bytes  of  ROM  and  uses  9 bytes 
of  RAM  in  the  arithmetic  registers. 

The  routine  takes  approximately 

1000p,s  to  execute. 

E-4 


APPENDIX  F 

M-ATEC  II  STATISTICS  SUBROUTINE 

es  Labe  I Mnemonic  Comments  Bytes 

STATIS:  This  subroutine  handles  all 

the  statistics  according  to  equa- 
tions 2.1  to  2. A.  Before  the  sub- 
routine is  called,  the  pointer  is 
set  to  point  to  the  current  para- 
meter. The  latest  value  of  the 
current  parameter  is  in  location 
TEMPI  when  the  subrout ine  is 
called.  The  Y register  is  used 
for  indirect  indexed  addressing. 


3 

LDA 

TEMPI 

Recover  sample  value 

7 

3 

STA 

ADD 

2 

2 

LDA 

#02 

2 

3 

STA 

SIZE 

Specify  precision  of  the 

addition  2 

2 

LDA 

#00 

•y 

3 

STA 

ADD+1 

Clear  ADD+1 

7 

3 

STA 

AUG+2 

Clear  AUG+2 

7 

2 

LDY 

#04 

Y now  points  to  CUMTOT 

7 

5 

LDA 

(POINTLn  ,Y 

o 

3 

STA 

AUG 

7 

2 

1NY 

i 

5 

LDA 

(POINTED  , Y 

7 

3 

STA 

AUG+1 

Accumulated  total  is  now 

in  AUG  2 

6 

JSR 

ADD 1 TN 

Add  new  value  to  total 

3 

3 

b 

> 

AU  0+1 

7 

6 

STA 

(POINTED  ,Y 

•> 

Cycles  Label 

Mnemonic 

Comments 

Bytes 

2 

DEY 

1 

3 

LDA 

AUG 

2 

6 

STA 

(P01NTLI) 

,Y 

Replace  new  total 

2 

3 

LDA 

ADD 

2 

3 

STA 

MULP 

Place  sample  value  in  multiplier 
register 

2 

2 

LDA 

# 00 

2 

3 

STA 

MULP+1 

Clear  second  byte  of  multiplier 
register 

2 

2 

LDA 

#01 

2 

3 

STA 

MSIZE 

Set  size  of  multiplier 

2 

6 

JSR 

MLTPLY 

Square  the  sample  value 

Product  is  in  AUG. 

3 

2 

LDY 

#06 

Set  pointer  to  SQT0T 

2 

5 

LDA 

(POINTL1) 

»Y 

* 

2 

3 

STA 

ADD 

J 

2 

2 

I NY 

y 

1 

5 

LDA 

( POINTL1) 

,Y 

; Place  old  square  total  in 

2 

3 

STA 

ADD+1 

; ADD  register 

2 

2 

1NY 

> 

1 

5 

LDA 

(POINTL1) 

» Y 

y 

2 

3 

STA 

ADD+2 

y 

2 

2 

LDA 

#03 

2 

3 

STA 

SIZE 

Set  precision  of  the  addition 

2 

6 

JSR 

ADDITN 

Add  square  of  new  value  to  total 

of  squares  3 


F-2 


l.i  c los 

Label 

Mnomon l c 

Common t h 

3 

LDA  AUtJ+2 

• 

6 

ST  A (POlNTl.l)  ,Y 

• 

2 

DKY 

• 

3 

LDA  AUCH  l 

• 

Restore  new  square 

6 

STA  (1’OINTLI ) ,Y 

• 

t Ot  ill 

•> 

4. 

DKY 

• 

3 

LDA  aih: 

• 

b 

STA  (POlNTl.l)  ,Y 

• 

2 

LDA  II K 

K Is  no.  ot  samples  In  a block 

3 

CMP  SAMCNT 

11  K samples  have  not  been 

2 

BNK  RETURN 

collected  then  return 

2 

LDX  #R 

R - 2K 

■i 

I.DY  #04 

Set  pointer  to  COMTOT. 

b 

.ISR  MEAN 

Calculate  mean  ot  (lie  K samples, 
square  it,  and  total  both  the  mean 
and  the  mean  squared 

2 

LDA  #00 

3 

STA  ADO 

* 

% 

3 

sta  Alien  1 

% 

CU ear  ADC  rent s ter 

3 

STA  AUC:+2 

• 

2 

LDX  HR 

•> 

£ 

Loop  l 

: LDY  #08 

Set  pointer  t o StJTOT-t 

5 

LDA  (POlNTl.l  ) ,Y 

% 

■> 


I, SR  Al'.ClIM 


Cycles  Label 

Mnemon i c 

Comments 

Bytes 

b 

STA 

(P01NTL1) ,Y 

* 

2 

2 

DEY 

* 

1 

5 

LDA 

(POlNTLl) . Y 

* 

2 

2 

ROR 

ACCUM 

1 

b 

STA 

(POlNTLl) ,Y 

; This  loop  divides 

2 

0 

DEY 

; SQTOT  by  2R  by 

1 

5 

LDA 

(POlNTLl) ,1 

; shifting  it  to  the 

2 

-> 

ROR 

ACCUM 

; Right.  The  fractional  part 

1 

b 

STA 

(POlNTLl) ,Y 

; of  the  result  appears  in 

2 

2 

ROR 

AUG 

; AUG 

1 

DEX 

* 

1 

2 

BNK 

LOOP  3 

* 

7 

3 

STA 

AUG+1 

AUG+1  *-  SQTOT 

2 

■> 

1 NY 

• 

1 

5 

LDA 

(POlNTLl) ,Y 

; Move  SQTOT+1  to  AUG+2 

2 

3 

STA 

AUG+2 

2 

; ^(x^l'/ii  is  now  in  AUG 

2 

3 

LDA 

TEMPI 

* 

2 

3 

STA 

ADD 

; TEMPI  to  TEMP)  were  loaded  with 

2 

3 

LDA 

TEMP  2 

7 

; the  value  of  (1.x ^/n)~  in 

2 

3 

STA 

ADD+1 

; subroutine  MEAN.  This  value 

•y 

3 

LDA 

TEMPI 

; Is  placed  in  ADD  register 

2 

l 

STA 

ADD+2 

2 

b 

JSR 

SUBTRT 

Calculate  variance.  Result  is 

•i 

placed  in  AUG  & AUG+1 


F-4 


Cycles  Label  Mnemonic 


Comments 


Bytes 

2 


2 

5 

3 

2 

5 
3 
2 
3 

6 
3 
6 
2 
3 
6 
2 
3 
2 
3 

2 CLEAR: 
2 
6 
2 
6 


LDY  #19 

LDA  (POINTL1) ,Y 

STA  ADD 

INY 

LDA  (P01NTL1) ,Y 
STA  (ADD+1) 

LDA  #02 

STA  SIZE 

JSR  ADDTN 

LDA  AUG+1 

STA  (P0INTL1) , Y 

DEY 

LDA  AUG 

STA  (P0INTL1) , Y 
LDA  #32 
CMP  ANCTR 
BNE  CLEAR 
INC  BLKCNT 
LDY  #04 
LDA  #00 

STA  (P0INTL1) , Y 
INY 

STA  (P0INTL1) , Y 


Set  pointer  to  VARSUM 


Move  VARSUM  to  ADD 


Add  new  value  to  sum  of  variance 


Replace  new  total  of  variances. 


Check  if  current  parameter  is 
the  last. 

If  it  is  increment  BLKCNT 
Set  pointer  to  CUMTOT 


2 

2 

1 

2 

2 

2 

2 

3 

2 

2 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 


F-5 


Cycles 

Label 

Mnemonic 

2 

1NY 

6 

STA  (P0INTL1) ,Y 

2 

1NY 

6 

STA  (P0INTL1) , Y 

2 

I NY 

6 

STA  (P0INTL1) ,Y 

2 

LDA  #N 

3 

CMP  BLKCNT 

2 

BNE  RETURN 

2 

LDA  #10 

4 

ORA  PTA3A 

2 

LDY  #09 

2 

LDX  #H 

6 

dSR  MEAN 

2 

LDA  #00 

3 

STA  AUC, 

3 

STA  AUG+1 

3 

STA  AUG+2 

2 

LDX  #H 

2 

LOOP 5 : 

LDY  #20 

5 

LDA  (POINT 

Bjr 

; Clear  CUMTOT  and 
; MNTOT  ready 

; for  collection  of  the  next 
; block  of  samples 

N is  the  number  of  blocks 
of  samples  which  must  be 
collected  before  next  calcu- 
lation of  mean  & variance  is 
made 

Check  if  N blocks  collected 
If  not  then  return  to  ANVSCN 

Disable  PATE  interrupt  signal 
Set  points  to  CUMTOT 
where  2**  « N 
Calculate  mean  etc. 


F-b 


2 


LSR  ACCOM 


Cycles 

Label 

Mnemonic 

Comments 

5 

STA  (P0INTL1) ,Y 

» 

2 

DEY 

» 

Divide  varsum  by  2H  by 

5 

LDA 

(POINTL1) ,Y 

9 

shifting  to  the  right 

2 

ROR 

ACCUM 

5 

5 

STA 

(POINTL1) ,Y 

> 

2 

ROR 

AUG 

* 

2 

DEX 

» 

2 

BNE 

LOOP5 

> 

N 

Now  E o /N  is  in  AUG 

1 

5 

LDA 

(POINTL1) ,Y 

> 

register . 

3 

STA 

AUG+1 

» 

2 

LDX 

#H 

2 

LOOP6 : 

LDY 

//13 

5 

LDA 

(POINTL1) , Y 

> 

2 

LSR 

ACCUM 

* 

6 

STA 

(POINTL1) , Y 

* 

2 

DEY 

> 

5 

LDA 

(POINTL1) , Y 

y 

2 

ROR 

ACCUM 

y 

Divide  SQMNSUM  by  N 

6 

STA 

(P01NTL1) , Y 

y 

by  shifting  to  the  right 

2 

DEY 

y 

Result  is  placed  in  ADD 

5 

LDA 

(POINTL1) , Y 

* 

2 

It  is  £ anc* 

2 

ROR 

ACCUM 

y 

in  ADD  & ADD+1 

6 

STA 

(POINTL1) , Y 

y 

3 

ROR 

ADD 

y 

F-7 


Cycles  Label  Mnemonic  Comments  Bytes 


2 

DEX 

9 

1 

2 

BNE  L00P6 

f 

2 

5 

LDA  (POINTL1)  ,Y 

* 

2 

3 

STA  ADD+1 

2 

2 

LDA  #03 

2 

3 

STA  SIZE 

Set  size  of  addition 

2 

2 

LDA  #00 

2 

3 

STA  ADD+2 

2 

3 

STA  AUG+2 

2 

6 

JSR  ADDITN 

2 2 

This  puts  £ /N  + £ m^  /N 

3 

in  AUG  register 

3 

LDA  TEMPI 

TEMPI,  2 and  3 were  loaded  in 

2 

3 

STA  ADD 

subroutine  mean  with  the  value 

2 

3 

LDA  TEMP2 

of  (En^/N)2 

2 

3 

STA  ADD+1 

2 

3 

LDA  TEMP 3 

2 

3 

STA  ADD+2 

2 

6 

JSR  SUBTRT 

VaLue  of  overall  variance  is 
now  in  AUG  register 

3 

2 

LDA  #02 

2 

3 

STA  SIZE 

Set  size  of  next  addition 

2 

2 

LDY  #21 

Set  pointer  to  OVVARSUM 

2 

5 

LDA  (POINTL1) ,Y 

2 

3 

STA  ADD 

•> 

F-8 


Cycles 

Label 

Mnemonic 

Comments 

Bytes 

2 

1NY 

1 

5 

LDA  (P0INTL1) ,Y 

2 

2 

STA  (ADD+1) 

2 

6 

JSR  ADDITN 

Add  new  overall  variance  to 
total 

3 

2 

LDA  AUG+1 

5 

2 

6 

STA  (POINTL1) ,Y 

i 

2 

2 

DEY 

9 

Replace  new  value  of 

1 

3 

LDA  AUG 

9 

OVVARSUM 

2 

6 

STA  (P01NTL1) , Y 

9 

2 

2 

LDY  #23 

2 

5 

LDA  (POINTL1) ,Y 

2 

2 

INC  ACCUM 

Increment  OVCNT 

1 

6 

STA  (P01NTL1) ,Y 

2 

2 

LDA  #00 

2 

2 

LDY  #09 

2 

6 

STA  (P01NTL1) , Y 

9 

2 

2 

I NY 

9 

1 

6 

STA  (POINTL1) , Y 

9 

2 

2 

1NY 

9 

1 

6 

STA  (POINT!. 1)  ,Y 

9 

Clear  MNTOT 

2 

2 

INY 

9 

SQSUM  and  VARSUM 

1 

6 

STA  (POINTL1) , Y 

9 

ready  for  new  values 

2 

2 

INY 

9 

l 

F-9 


Cycles 

6 

2 

6 

2 

6 

2 

4 


Label 


Mnemonic 

STA  (P01NTL1) ,Y 

INY 

STA  (POINTL1) , Y 
I NY 

STA  (POINTL1) , Y 
LDA  #$F7 
AND  PIA3A 


RTS 


Comments 


Clear  bit  4 of  PIA3A  but 
leave  other  bits  untouched. 
This  re-enables  the  PATE  in- 
terrupt 


Bytes 

2 

1 

2 

1 

2 

2 

3 


SYMBOL  INTERPRETATION 


This  routine  requires  419  bytes 
of  ROM  and  if  only  one  group  of 
statistics  calculations  is  done, 
then  with  K.  = 128  and  N = 256, 
the  maximum  execution  time  is  39.6ms. 
If  both  groups  of  calculations  are 
done,  then  the  maximum  execution  time 
is  97ms. 


ADD:  An  argument  register  for  the  matli  routines. 

AUG:  An  argument  register  for  the  math  routines. 

BLKCNT:  This  records  the  number  of  blocks  of  K samples  taken  so  far. 

CUMTOT:  This  is  the  total  of  the  sample  values. 

MNTOT:  This  is  the  sum  of  the  means. 

OVCNT:  The  number  of  groups  of  N*K  samples  is  recorded  in  OVCNT. 

OVVARSUM:  This  is  the  sum  of  the  variances  of  each  group  of  N*K  samples. 

SIZE:  This  is  used  to  set  the  precision  of  an  addition  or  subtraction. 

SQMNSUM:  This  is  the  sum  of  the  means  of  each  block  of  K samples,  squared. 

SQTOT : This  is  the  sum  of  the  sample  values  squared. 

TEMP1‘3:  These  locations  are  used  for  saving  intermediate  values. 

VARSUM:  This  is  the  sum  of  the  variances  of  each  block  of  K samples. 


APPENDIX  G 


M-ATEC  II  MEAN  SUBROUTINE 
Cycles  Label  Mnemonic 

MEAN: 


2 

LDA  #00 

3 

STA  ADD 

2 

L00P1: 

I NY 

5 

LDA  (P0INTL1) ,Y 

2 

LSR  ACCUM 

6 

STA  (P0INTL1) , Y 

2 

DEY 

5 

LDA  (POINTL1) ,Y 

2 

ROR  ACCUM 

6 

STA  (P0INTL1) ,Y 

5 

ROR  ADD 

2 

DEX 

2 

BNE  L00P1 

3 

STA  ADD+1 

3 

STA  TEMP3 

3 

LDA  ADD 

Comments  Bytes 

This  routine  takes  the  accumula- 
ted total  or  the  total  of  means 
and  calculates  the  mean  or  the 
overall  mean  and  adds  the  result  to 
a total.  It  then  squares  the  mean 
it  has  calculated  and  adds  that  to 
a total.  Before  MEAN  is  called  the 
Y register  is  set  to  point  to  either 
CUMTOT  or  MNTOT  and  the  X register 
with  the  power  of  two  by  which  the 
total  must  be  divided  to  obtain  the 
mean. 


Clear  ADD  2 


This  loop  divides  the  location  2 
pointed  to  by  Y,  (Either  CUMTOT  1 
or  MNTOT)  by  shifting  2 
them  to  the  right  the  number  of  1 
times  given  in  the  2 
X register.  1 
The  fractional  part  of  the  result  2 
goes  into  location  ADD  2 


place  integer  part  of  result  2 

in  ADD+1  2 


G-l 


M 


Cycles  Label 


Mnemon i c 


Comments 


Bytes 


STA  TEMP 2 


Store  full  result  for  future  use  2 


ASL  ADD 


BCC  CONTI 


CONTI ; 


INC  ADD+1 


LDA  ADD+1 


STA  ADD 


LDA  II 00 


STA  ADD+1 


ADC  II 04 


LDA  (POINTL1) ,Y 


STA  AllC 


LDA  (P0INTL1) , Y 


STA  AUC+1 


Round  up  the  result. 


Move  ADD+1  to  ADD 


Clear  ADD+1 


Set  Y to  point  to  either 
MNTOT  or  OVMNTOT 

Restore  Y register 


Place  total  in 


LDA  II 02 


STA  SIZE 


Set  size  of  arguments 


JSR  ADDITN 


Add  value  of  mean  squared 
to  total. 


LDA  AUG+1 


STA  (P01NTL1) ,Y 


LDA  AllO 


4 


f 


Cycles 

Label 

Mnemonic 

Comments 

Bytes 

5 

STA  (P0INTL1) ,Y 

Replace  new  total 

2 

2 

LDA  #02 

2 

3 

STA  MSIZE 

Set  size  of  multiplier 

2 

2 

LDA  #04 

2 

3 

STA  SIZE 

2 

3 

LDA  TEMP2 

9 

2 

3 

STA  ADD 

» 

2 

3 

STA  MULP 

; Set  up  registers  for  multiply 

2 

3 

LDA  TEMP 3 

; routine 

2 

3 

STA  ADD+1 

9 

2 

3 

STA  MULP+1 

9 

2 

6 

JSR  MLTPLY 

Square  the  full  value  of  the 

mean 

3 

5 

ASL  AUG 

2 

2 

BCC  CONT2 

2 

5 

INC  AUG+1 

9 

2 

2 

BNE  C0NT2 

9 

2 

5 

INC  AUG+2 

; Round  up  result  to 

2 

2 

BNE  CONT2 

; one  byte  of  fractions 

2 

5 

INC  AUG+3 

9 

2 

2 

C0NT2 : 

LDA  #00 

2 

3 

STA  AUG 

Clear  least  significant 
byte  of  fractions 

2 

3 

LDA  AUG+1 

» 

2 

3 

STA  TEMPI 

2 

G-3 


Cycles 

Label 

Mnemonic 

Comments 

By  t es 

3 

LDA  AUC+2 

; Save  value  of  mean  squared 

2 

3 

STA  TEMP2 

; which  has  one  byte  of 

2 

3 

LDA  AUG+3 

; fractions 

9 

3 

STA  TEMP 3 

« 

9 

5 

ASI.  AUG+1 

Now  round  to  an  integer 

i 

2 

BCG  CONT3 

*3 

5 

INC  AUC+2 

f 

9 

2 

BNE  CONT3 

; Round  up 

9 

5 

INC  AUG+3 

9 

3 

C0NT3: 

LDA  AUC+2 

9 

3 

STA  AUG 

Shift  AUC+2  to  AUG 

2 

3 

LDA  AUG+3 

> 

3 

STA  AUG+1 

Shift  AUG+3  to  AUG+1 

9 

LDA  #00 

> 

3 

STA  AUC+2 

2 

INY 

l 

5 

LDA  (POINT!.) , Y 

3 

STA  ADD 

• 

% 

■) 

9 

INY 

« 

l 

5 

LDA  (P01NTL1) , Y 

t 

9 

3 

STA  ADD+1 

; Move  total  of  means  squared 

i 

■3 

INY 

; into  ADD 

l 

5 

LDA  (P0INTL1)  ,Y 

% 

G-4 


3 


STA  ADD+2 


Cycles  Label 


Mnemonic 


Comments 


Bvtes 


2 LDA  #03 

3 STA  SIZE 

6 JSR  ADDITN 

3 LDA  AUG+2 

6 STA  (POINTL1) ,Y 

2 DEY 

3 LDA  AUC+1 

6 STA  (POINTL1) ,Y 

2 DEY 

3 LDA  AUG 

6 STA  (POINTL1) ,Y 

6 RTS 


SYMBOL  INTERPRETATION 
ACCUM:  CPU  accumulator. 

ADD: 

AUG: 

CUMTOT : 

MNTOT : 

MSIZE: 

MULP: 

OVMNTOT: 

TEMPI >3: 


2 

Set  size  of  addition  2 

Add  value  of  mean  squared  3 

to  total 

2 

2 

1 

Replace  new  value  of  2 

total  in  memory  2 

1 

2 

2 

Return  from  subroutine  1 

The  subroutine  requires  187 
bytes  ROM  and  uses  the  same  RAM 
as  the  statistics  routine.  With 
K=128  the  routine  executes  for  a 
maximum  time  of  56 /us  and  for  a 
minimum  time  of  531p,s. 


K samples, 
a multiplication. 


Maths  argument  register. 

Maths  argument  register. 

Total  of  sample  values. 

Total  of  means  of  each  block  of 
This  sets  size  of  multiplier  in 
Math  argument  register. 

Total  of  means  of  each  group  of  N*K  samples. 
Used  for  saving  intermediate  results. 


G-5 


APPENDIX  H 


PATE  INTERRUPT  ROUTINE 

Cycles  Label  Mnemonic 
PATINT: 


2 

2 

3 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


CLI 

TXA 

PHA 

TYA 

PHA 

LDA  ADD 
PHA 

LDA  ADD+1 
PHA 

LDA  ADD  +2 
PHA 

LDA  AUG 
PHA 

LDA  AUG+1 
PHA 

LDA  AUG+2 
PHA 

LDA  SIZE 
PHA 


Comments  Bytes 

This  routine  services  the  in- 
terrupt which  comes  from  the 
PATE  once  an  hour.  It  returns 
the  mean  and  variance  for  the 


preceding  hour 

Enable  interrupt  1 

1 

Save  X register  1 

1 

Save  Y register  1 

2 

Save  ADD  1 

1 

Save  ADD+1  1 

2 

Save  ADD+2  1 

2 

Save  AUG  1 

2 

Save  AUG+1  1 

2 

Save  AUG+2  1 

2 

Save  SIZE  1 


H-l 


"II'-'.TW.W 


Cycles 

3 

l.atu'l 

Mnemonic 

Comment s 

Hy  t es 

CPA  MSIZK 

> 

\ 

I’HA 

Save  MSI’/.E 

l 

3 

I.DA  Mill,!’ 

) 

3 

PHA 

Save  MllEP 

1 

l 

l.OA  Mill, P+1 

') 

3 

PHA 

Save  MUEP+1 

l 

3 

l.OA  MU1, P+2 

> 

3 

PHA 

Save  MlM.P+2 

1 

3 

l.OA  TEMPI 

•3 

3 

PHA 

Save  TEMPI 

I 

3 

l.DA  TEMP 2 

> 

3 

PHA 

Save  TEMP 2 

1 

3 

l.OA  TEMPI 

> 

l 

PHA 

Save  TEMP  1 

1 

» 

EDA  II  12 

) 

) 

STA  CONCNT 

Set  np  control  counter 

■ t 

> 

l.OA  #$02 

*> 

3 

STA  P0INTII3 

Set  up  H 1 git  pointer 

2 

•» 

l.OA  //$0E 

3 

STA  P0INT1.3 

Set  up  low  pointer  to  point 
to  OVMNTOT 

♦> 

•> 

1,001’ l : 

i.OY  //$ 0 7 

Set  Y regfster  to  point  to 
OVVARSUM 

3 

5 

l.OA  (POINTED  ,Y 

2 

3 

SI  A AllO 

Move  OVVARSUM  to  AHO 

3 

11-2 


Cycles  Label 


Mnemonic 


Comments 


Bytes 


2 

5 

3 

2 

5 

3 

2 

3 


I NY  1 

LDA  (P0INTL3) ,Y  2 

STA  AUG+1  2 

I NY  1 

LDA  (POINTL3) ,Y  2 

STA  ADD  Move  OVCNT  to  ADD  2 

LDA  //02  2 

STA  MSIZE  Specify  No.  of  bytes  in  2' 

division. 


6 

3 

3 

3 

3 

2 

5 

3 

2 

5 

3 

2 

5 

3 

2 


JSR  DIVIDE  Calculate  OWARSUM/OVCNT  3 
LDA  MULP  2 
STA  TEMPI  2 
LDA  MULP+1  2 
STA  TEMP2  Save  result  of  calculation  2 
LDY  //$02  2 
LDA  (POINTL) ,Y  2 
STA  AUG  Move  OVSOSUM  to  AUG  2 
I NY  1 
LDA  (POINTL3) , Y 2 
STA  AUG+1  Move  OVSQSUM+1  to  AUG+1  2 
I NY  1 
LDA  (POINTL 3) ,Y  2 
STA  AUG+2  2 
LDY  im  2 


H-3 


Cycles  Label 


Mnemon 1c 


Comments 


Bytes 


3 

6 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


3 

b 

3 

3 

3 

3 

3 

3 


I,DA  (P0INTL3)  , Y 
STA  ADD 
LDA  #03 
STA  MSIZE 
3 SR  DIVIDE 
LDA  MULP 
STA  ADD 
LDA  MULP+1 
STA  ADD+1 
LDA  MU L P+2 
STA  ADD+2 
LDA  TEMPI 
STA  AlIC 
LDA  TEMP 2 
STA  AUC+2 
LDA  #03 
STA  SIZE 
.ISR  ADD 
LDA  AUG 
STA  TEMPI 
LDA  AUG+1 
STA  TEMP 2 
LDA  AUG+2 
STA  TEMP 3 


Move  OVCNT  to  ADD 


Specify  no.  of  bytes 
Calculate  OVSQSUM/ OVCNT 


Move  result  to  ADD  register 


■> 


2 

2 


O 


■> 


Move  OVVARSUM/ OVCNT  to  AUC. 
register 


1 

> 


H-4 


Cycles  Label 


Mnemonic 


Comments 


Bytes 


2 

5 

3 

2 

5 

3 

2 

3 

2 

5 
3 
2 
3 

6 
3 

5 
2 
2 
2 

3 CONTI: 
2 

6 
3 
3 


LDY  #00  2 
LDA  (P0INTL3) ,Y  2 
STA  AUG  Move  OVMNTOT  to  AUG  2 
I NY  1 
LDA  (POINTL3) ,Y  2 
STA  AUG+1  Move  OVMNTOT  to  AUG+1  2 
LDA  #00  2 
STA  AUG+2  Clear  AUC+2  2 
LDY  #$09  2 
LDA  (POINTL3) ,Y  2 
STA  ADD  2 
LDA  #02  2 
STA  MSIZE  Specify  no.  of  bytes  2 
JSR  DIVIDE  Calculate  mean  for  one  hour  3 
LDA  MULP+1  2 
ROL  MULP  2 
BCC  CONTI  2 
CLC  1 
ADC  #01  Round  up  mean  2 
ROR  MULP  Restore  MULP  2 
LDY  #$19  Set  pointer  to  HRMEAN  2 
STA  (P0INTL3) ,Y  Save  value  of  mean  in  HRMEAN  2 
LDA  MULP  ; 2 
STA  ADD  ; Copy  value  of  mean  to  ADD  2 


H-5 


I 

t 


Cycles  Label 


Mnemonic 


Comments 


Bytes 


LDA  MULP+1 


STA  ADD+1 


LDA  #00 


STA  ADD+2 


STA  ADD+3 


STA  AUG 


STA  AUG+1 


STA  AUG+2 


STA  AUG+3 


JSR  MULT 


Square  full  value  of  mean 


ROL  AUG 


BCC  C0NT2 


INC  AUG+1 


BNE  CONT2 


INC  AUG+2 


BNE  CONT2 


INC  AUG+3 


C0NT2 : 


LDA  AUG+1 


STA  AUG 


LDA  AUG+2 


STA  AUG+1 


LDA  AUG+3 


STA  AUG+2 


LDA  TEMPI 


H-6 


Cycles  Label 


Mnemonic 


Comment 


Bytes 


STA  ADD 
LDA  TEMP2 
STA  ADEH-1 
LDA  TEMP 3 
STA  ADD+2 
LDA  # 03 
STA  SIZE 


JSR  SUBTRT 
LDX  #03 


Calculate  variance 


I.00P2: 


ROL  AUG 


ROL  AUG+1 


BNE  LOOP2 


ROL  AUG 


BCC  CONT3 
INC  AUG+1 


C0NT3: 


LDA  AUG+1 


Variance  packed  as  5.3  bits 
is  loaded  into  accum. 


STA  (POINTL3) ,Y 


Save  variance  in  HRVRNCE 


LDA  #00 


LDY  #00 


STA  (P0INTL3) ,Y 


Clear  OVMNTOT 


H-7 


Cycles 

Isabel 

Mnemonic 

6 

STA  (P0INTL3) ,Y 

2 

I NY 

6 

STA  (P0INTL3) ,Y 

2 

I NY 

6 

STA  (P0INTL3) ,Y 

2 

I NY 

6 

STA  (P0INTL3) ,Y 

O 

4. 

LDY  #$07 

6 

STA  (P0INTL3) ,Y 

2 

I NY 

6 

STA  (P0INTL3) ,Y 

2 

I NY 

6 

STA  (P0INTL3) , Y 

2 

LDA  #$1A 

2 

CLC 

3 

ADC  P0LNTL3 

2 

BCC  BRNCH1 

5 

INC  P0INTH3 

2 

BRNCH1 : 

DEC  CONCNT 

2 

BNE  L00P1 

2 

LDA  H07 

3 

STA  CONCNT 

2 

LDA  #$61 

3 

STA  P0INTL3 

Comment  Bytes 

Clear  OVMNTOT+1  2 

1 

Clear  OVSQSUM  2 

1 

Clear  OVSQSUM+1  2 

1 

Clear  OVSQSUM+6  2 

2 

Clear  OVVARSUM  2 

1 

Clear  OVVARSUM+1  2 

1 

Clear  OVCNT  2 

2 

1 

2 

2 


Set  pointer  for  next  variable  2 

1 

2 

If  all  32  parameters  dealt  with  2 

then  set  up  control  counter  for  2 
TTL  count  mean  calculations 


H-8 


Cycles 

Label 

Mnemonic 

Comments 

rtes 

2 

LDA  #$ 05 

2 

3 

STA  POINTH3 

Set  up  pointer  to  QVMNSUM 

2 

2 

LDY  #00 

Set  pointer  to  TTL  CUMTOT 

2 

5 

L00P3 : 

LDA  (P0INTL3) ,Y 

2 

3 

STA  AUG 

Move  OVMNSUM  to  AUG 

2 

2 

INY 

1 

5 

LDA  (POINTL3) ,Y 

2 

3 

STA  AUG+1 

Move  OVMNSUM+1  to  AUG+1 

2 

2 

INY 

1 

5 

LDA  (POINTL3) ,Y 

2 

3 

STA  ADD 

Move  OVCNT  to  ADD 

2 

2 

LDA  #02 

2 

3 

STA  MSIZE 

2 

6 

JSR  DIVIDE 

Calculate  mean  of  current  counter 

value 

3 

5 

ROL  MULP 

2 

2 

BCC  CONT4 

2 

5 

INC  MULP+1 

2 

3 

C0NT4 : 

LDA  MULP+1 

2 

2 

LDY  #$0D 

2 

6 

STA  (POINTL3) , Y 

Store  mean  in  counter  HRMEAN 

2 

2 

LDY  #$08 

2 

2 

LDA  #00 

2 

6 

STA  (P0INTL3) , Y 

2 

H-9 


! 


i 

' ) 

r 


Cycles 

Label 

Mnemonic 

2 

DEY 

6 

STA  (P0INTL3) ,Y 

2 

DEY 

6 

STA  (P0INTL3) , Y 

2 

LDA  #$0E 

2 

CLC 

3 

ADC  P0INTL3 

2 

BCC  BRNCH2 

5 

INC  P0INTH3 

2 

BRNCH2 : 

DEC  CONCNT 

2 

BNE  LOOP 3 

4 

PLA 

3 

STA  TEMP 3 

4 

PLA 

3 

STA  TEMP2 

4 

PLA 

3 

STA  TEMPI 

4 

PLA 

3 

STA  MULP+2 

4 

PLA 

3 

STA  MULP+1 

4 

PLA 

3 

STA  MULP 

■ y 

Comments  Bytes 

1 

2 

1 

Clear  OVMNSUM  and  OVCNT  2 

2 
1 

Set  pointers  to  base  for  next 
counter  2 

2 

2 

1 

2 

1 

2 

1 

0 

1 

2 

1 

2 
1 
2 
1 


Cycles  Label 


Mnemonic 


Comments 


Bytes 

1 


4 

3 

3 

4 
3 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 
2 
4 
2 
4 
6 


PLA 

STA  MSIZE  2 
PLA  1 
STA  SIZE  2 
PLA  1 
STA  AUG+2  2 
PLA  1 
STA  AUG+1  2 
PLA  1 
STA  AUG  2 
PLA  1 
STA  ADD-t-2  2 
PLA  1 
STA  ADD+1  2 
PLA  1 
STA  ADD  2 
PLA  1 
TAY  1 
PLA  \ 1 
TAX  1 
PLA  Restore  all  registers  1 
RTI  Return  from  interrupt  1 


This  routine  requires  449  bytes 
of  ROM  and  two  bytes  of  RAM  for  a 
pointer  anS  one  for  a control  counter. 

It  executes  for  a maximum  time  of  18.8ms. 
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SYMBOL  INTERPRETATION 

ADD:  Maths  argument  register. 

AUG:  Maths  argument  register. 

CONCNT:  Control  counter;  keeps  track  of  current  parameter. 

HRMEAN:  Location  for  hourly  value  of  mean. 

HRVRNCE:  Location  for  hourly  variance. 

MSIZE:  Sets  size  of  multiplier  in  multiplication  or  dividend  in  division. 

MULP:  Maths  argument  register. 

OVCNT:  Keeps  count  of  number  of  groups  of  N*K  samples  for  both  analogue 

voltages  & TTL  counters. 

OVMNSUM:  Sum  of  means  of  each  group  of  N*K  samples  of  TTL  counters. 

OVMNTOT:  Sum  of  means  of  each  group  of  N*K  samples  of  analogue  voltages. 

OVSQSUM:  Sum  of  means,  squared,  of  each  group  of  N*K  samples  of  analogue 

voltages. 

OVVARSUM:  Sum  of  variances  of  each  groups  of  N*K  samples  of  analogue  voltages 
& TTL  counts. 

TEMPI  *-3:  Used  for  saving  intermediate  values. 
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ALARM  LEV K ! . VEST  SUBROUTINE 


n 'i'ENDIX  I 


Cyc ' » s Label  lucuionlc 


Comments 


lyt 


ALMTST : litis  subroutine  compares  the  sampi 

value  of  the  current  parameter  with 
stored  alarm  levels.  The  subroutine 
is  called  from  ANVSCN  and  the  sample 
value  is  in  location  TEMPI.  The  pro- 
gram uses  a pointer,  set  to  the  cur- 
rent parameter  in  ANVSCN,  to  locate 
the  alarm  level  desired. 


Set  pointer  to  RED  LOW  level 

If  -ve,  branch  and  continue  test 
else  signal  red  low  alarm 

Jump  to  end  of  routine 

Set  pointer  to  AMBER  LOW  level 


2 

5 

3 

2 

2 

3 

3 

2 AM BLOW : 
5 

3 
2 

2 

3 

3 

2 REDHGH : 
5 

3 


LDY  #00 

EDA  (P0INTL1) , Y 
CMP  TEMPI 
BMI  AMBLOW 
LDA  #01 
STA  TEMP 2 
JMP  END 
I NY 

LDA  (P0INTL1) ,Y 
CMP  TEMPI 
BMI  REDHOH 

LDA  #02 
STA  TEMP 2 
JMP  END 
I NY 

LDA  (POINTLl ) , Y 
CMP  TEMPI 


If  -ve  branch 


and  continue  test 


else  signal  amber  low  alarm 


Set  pointer  to  RED  HIGH  level 


2 

2 

2 

2 

2 

2 

3 

1 

2 

2 


3 

1 
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Cycles 

Label 

Mnemon ic 

Comments 

Bytes 

BPI. 

AMBHGH 

If  +ve  branch  and  continue  test 

2 

2 

LDA 

#03 

else  signal  red  high  alarm 

2 

3 

STA 

TEMP2 

2 

3 

JMP 

END 

3 

2 

AMBHGH: 

I NY 

Set  pointer  to  AMBER  HIGH  level 

1 

5 

LDA 

(P0INTL1) , Y 

2 

3 

CMP 

TEMPI 

2 

2 

BPL 

GREEN 

If  +ve  branch  and  signal  green 

2 

2 

LDA 

#04 

else  signal  amber  high 

2 

3 

STA 

TEMP  2 

alarm 

2 

3 

JMP 

END 

3 

2 

GREEN: 

LDA 

#00 

o 

3 

STA 

TEMP  2 

2 

•) 

tm 

END: 

LDY 

#24 

Set  pointer  to  alarm  state  location 

2 

3 

LDA 

TEMP2 

2 

b 

STA 

(POINTED  ,Y 

Store  alarm  level  in  alarm  state 

'> 

6 

RTS 

i 

This  subroutine  requires  b8  bytes  of 
ROM  and  uses  TEMPI  and  TEMP 2 . it 
also  has  1 hvte  of  RAM  in  the  measured 
parameter  list.  If  there  is  no  alarm 
the  routine  executes  for  72p,s.  If  the 
red  low  alarm  condition  is  signalled 
the  routine  executes  for  37p,s.  Other 
alarm  levels  result  in  execution  times 
between  these  levels. 


f 
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APPENDIX  J 

ANALOGUE  VOLTAGE  SCAN  ROUTINE 

Cycles  Label  Mnemonic  Comments  Bytes 

ANVSCN:  This  routine  controls  the  analogue 

voltage  scan  interface  reading  in 
the  samples  of  each  of  the  32  para- 
meters and  calling  the  statistics 
and  alarm  check  subroutines  as  ne- 
cessary. The  program  uses  several 
control  bytes.  These  are: 

BLKCNT , SAMCNT  which  keep  track  of 
the  number  of  samples  and  blocks  of 
samples  read  in. 


ANCTR  which  keeps  track  of  the  num- 
ber of  the  current  parameter. 

ANCSW  which  selects  the  input  to 
the  analogue  multiplexer 

CR2B  control  register  of  PIA2B 


2 

LDA  #32 

2 

3 

STA  ANCTR 

Load  input  port  counter 

2 

2 

LDA  #01 

2 

3 

STA  ANCSW 

Set  control  word 

2 

5 

INC  SAMCNT 

Increment  no.  of  samples  count 

2 

2 

LDA  #00 

2 

3 

STA  P0INTL1 

Set  low  byte  of  pointer  to  first 

parameter 

2 

2 

LDA  #02 

2 

3 

STA  P0INTH1 

Set  high  byte  of  pointer  to  first 

parameter 

2 

3 

LOOP1 : LDA  ANCSW 

2 

4 

STA  PIA2A 

Select  desired  parameter 

3 

J-l 


T 


Cycles 

Eabe  1 

Mnemon i c 

Common t s 

Rvt  i's 

2 

EDA  012 

* 

CMP  ANCSW 

11  this  Is  parameter  032  (oyo 
opon  l ng) 

•> 

2 

BF.Q  READ 

then  |ump  and  road  In  valno 

•y 

2 

EDA  #$3D 

olso  do  A/D  convorsion 

•> 

4 

STA  CR2B 

Emit  start  convorsion  pul  so 

\ 

EDA  n$  v-> 

i 

4 

STA  CR2B 

Clear  start  convorsion  puLpo 

t 

4 

I.00P2: 

BIT  CR211 

This  causes  hit  7 (msb)  ol  C.R2B 
to  ho  loaded  into  the  -ve  fN)  Map 
This  hit  is  set  when  conversion  is 
is  complete  therefore  branch  and 

•) 

BPE  E00P2 

check  again  if  it  is  not  sot 

> 

EDA  0$21 

II  convorsion  complete 

•> 

4 

STA  PI  A2A 

t hi'n  enable  TSB  for  analogue  mul- 
t ip  lexer 

\ 

4 

READ: 

EDA  PIA2B 

Read  in  value  ot  sample 

i 

* 

STA  TEMPI 

Store  value  in  TEMPI 

> 

(i 

• ISR  AEMTST 

Check  to  see  il  value  is  on  alarm 

level 

i 

(> 

.ISU  S TATIS 

Caloulat o st  at  1st ics 

i 

DEC  ANCTR 

It  all  12  parameters  have  boon 
samp l ed 

•i 

•> 

BKQ  EXIT 

t hen  exit  1 rom  rout ine 

s 

INC.  ANCSW 

else  do,  sot  control  word  to  next 
pa fame t er 

EDA  "$lil 

ADC  POINTI.I 

; Add  7S  t o low  byte  ol  point et 
so  t hat 

> 

Cycles 

Label 

Mnemonic 

Comments 

Bytes 

2 

BCC  JUMP 

; it  points  to  next  parameter 

2 

5 

INC  P0INTH1 

» 

2 

3 

JUMP: 

JMP  L00P1 

3 

2 

EXIT: 

LDA  // K 

2 

3 

CMP  SAMCNT 

2 

2 

BNE  CLRBLK 

2 

2 

LDA  #00 

2 

3 

STA  SAMCNT 

Clear  sample  count  if  it  is  K 

2 

2 

CLRBLK: 

LDA  #N 

2 

3 

CMP  BLKCNT 

2 

2 

BNE  RETURN 

2 

2 

LDA  #00 

2 

3 

STA  BLKCNT 

Clear  block  count  if  it  is  N 

2 

6 

RETURN : 

RTS 

Return  from  subroutine 

1 

This  routine  requires  96  bytes  of 
ROM.  It  executes  for  a maximum  of 
36.6  ms  if  no  statistics  calculations 
are  done.  This  includes  time  for 
the  A/D  conversion.  If  the  first 
group  of  statistics  calculations  is 
done  then,  with  K = 128  and  N = 256 
the  maximum  execution  time  is  76.2  ms. 
If  both  groups  are  done  then  the  time 
taken  is  133.6  ms. 
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APPENDIX  K 


TTL  INTERRUPT  ROUTINE 

Cycles  Label  Mnemonic  Comments  Bytes 

FTTL/MTTL  SERVICE  ROUTINE 
Use  locations  POINTL2 , POINTH2 
as  pointer  to  constants  for  next 
count  to  be  read  as  with  ANVSCN. 

These  are  incremented  as  each  in- 
terrupt is  serviced  to  point  to 
the  next  one. 


2 

TTLINT : 

SEI 

Disable  IRQ 

1 

3 

PHA 

Save  accumulator 

1 

2 

TXA 

1 

3 

PHA 

Save  X register 

1 

2 

TYA 

1 

3 

PHA 

Save  Y register 

1 

3 

LDA  ADD 

2 

3 

PHA 

Save  ADD 

1 

3 

LDA  ADD+1 

2 

3 

PHA 

Save  ADD+1 

1 

3 

LDA  AUG 

2 

3 

PHA 

Save  AUG 

1 

3 

LDA  AUG+1 

2 

3 

PHA 

Save  AUG+1 

1 

2 

LDA  #$B0 

2 

4 

STA  PIA1A 

Reload  TBG  no.  1 

3 

3 

LDA  TSBN 

2 

4 

STA  PIA2A 

Enable  TSB  given  by  TSBN 

3 

4 

LDA  PIA2B 

Read  in  count 

3 

3 

STA  ADD 

2 

3 

LDA  CNTN 

2 

4 

STA  PIA2A 

Clear  counter  given  by  CNTN 

3 

K-l 


Cycles 

2 

Label 

Mnemonic 

LDY  #$00 

Comments 

Bytes 

2 

2 

LDA 

#$00 

2 

3 

STA 

ADD+1 

Clear  ADD+1 

2 

5 

LDA 

(POINTL2) ,Y 

Load  accum.  with  CUMTOT 

2 

3 

STA 

AUG 

2 

2 

1NY 

1 

5 

LDA 

(POINTL2) ,Y 

2 

3 

STA 

AUC+1 

Load  CUMTOT 1 into  AUG+1 

2 

2 

LDA 

#02 

2 

3 

STA 

SIZE 

Choose  precision 

2 

6 

JSR 

ADD 

3 

2 

INY 

1 

5 

LDA 

(POINTL2) , Y 

2 

2 

CL  C 

Clear  carry 

1 

2 

ADC 

#01 

Inc.  no.  of  samples  count 
(SAMCNT) 

2 

2 

CMP 

#K 

No.  of  samples  - K? 

2 

2 

BEO 

CONTI 

2 

6 

STA 

(P01NTL2 ) , Y 

Restore  SAMCNT 

2 

2 

DEY 

1 

3 

LDA 

AUC+1 

2 

6 

STA 

(POINTL2) , Y 

Restore  CUMT0T1 

2 

2 

DEY 

1 

3 

LDA 

AUG 

2 

6 

STA 

(POINTL2) ,Y 

Restore  CUMTOT 

2 

3 

JMP 

SETPNT 

Jump  to  set  pointers  for  next  call 
of  this  routine 

3 

2 

CONTI: 

I,DX 

# J 

Where  2**J  “ K 

2 

2 

LOOP1 : 

CLC 

Clear  carry 

1 

5 

ROR 

AUC+1 

2 

5 

ROR 

AUG 

0 

K-2 


iui 


T! 

f 


Cycles 

Label 

Mnemonic 

Comments 

By_tj 

2 

DEX 

1 

2 

BNE 

LOOP1 

Divide  by  K 

2 

2 

BCC 

RNDDWN 

2 

5 

INC 

AUG 

Round  up 

2 

2 

RNDDWN : 

INY 

1 

5 

LDA 

(POINTL1) ,Y 

2 

3 

STA 

ADD 

Load  MNSUM  into  ADD 

2 

2 

INY 

1 

5 

LDA 

(POINTL1) ,Y 

2 

3 

STA 

ADD+1 

Load  MNSUM+1  into  ADD+1 

2 

6 

JSR 

ADD 

Add  latest  value  of  mean 
of  means  (MNSUM) 

to  total 

3 

2 

LDY 

000 

2 

2 

LDA 

000 

2 

6 

STA 

(POINTL2) ,Y 

Clear  CUMTOT 

2 

2 

INY 

1 

6 

STA 

(POINTL2) ,Y 

Clear  CUMTOT+1 

2 

2 

INY 

1 

6 

STA 

(POINTL2) ,Y 

Clear  SAMCNT 

2 

2 

LDY 

0$  05 

2 

5 

LDA 

(POINTL2) ,Y 

Load  accum.  with  no.  of 
(BLKCNT) 

blocks 

2 

2 

CLC 

Clear  carry 

1 

2 

ADA 

001 

Inc.  accumulator 

2 

2 

CMP 

0 N 

Have  N blocks  of  samples 
collected? 

been 

2 

2 

BEQ 

CONT2 

2 

6 

STA 

(POINTL1) ,Y 

Restore  BLKCNT 

2 

2 

DEY 

1 

3 

LDA 

AUG+1 

2 

6 

STA 

(POINTLl) , Y 

Restore  MNSUM+1 

2 

2 

DEY 

1 

K-3 
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Cycles 

Label 

Mnemonic 

Comments 

Bytes 

3 

LDA 

AUG 

2 

6 

STA 

(POINT  L2 ) ,Y 

Restore  MNSUM 

2 

3 

JMP 

SETPNT 

Jump  to  set  pointers  for  next 
call  of  this  routine 

3 

2 

C0NT2 : 

LDX 

m 

Where  2**M  ■ N 

2 

2 

L00P2 : 

CLC 

Clear  carry 

1 

5 

ROR 

AUG+l 

2 

5 

ROR 

AUG 

2 

2 

DEX 

1 

2 

BNE 

LOOP2 

Divide  by  N 

2 

2 

BCC 

RNDDWN 

2 

5 

INC 

AUG 

Round  up  overall  mean 

2 

2 

I NY 

1 

5 

LDA 

(P0INTL2) ,Y 

2 

3 

STA 

ADD 

Move  OVMNSUM  to  ADD 

2 

2 

I NY 

1 

5 

LDA 

(POINTL2) ,Y 

2 

3 

STA 

ADD+1 

Move  OVMNSUM+1  to  ADD+1 

2 

6 

JSR 

ADD 

Add  new  overall  mean  to  total 

3 

2 

I NY 

1 

5 

LDA 

(POINTL2) ,Y 

2 

2 

ADC 

//01 

Inc.  no.  of  overall  values  count 
(OVCNT) 

2 

6 

STA 

(POINTL2) ,Y 

2 

2 

DEY 

1 

K-4 

It  I 


n 
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Cycles 

Label 

Mnemonic 

Comments 

Bytes 

3 

LDA  AUG+1 

2 

6 

STA  (POINTL2) ,Y 

Replace  new  value  of  OVMNSUM+1 

2 

2 

DEY 

1 

3 

LDA  AUG 

2 

6 

STA  (POINTL2) ,Y 

Replace  new  value  of  OVMNSUM 

2 

2 

DEY 

1 

2 

LDA  If  00 

2 

6 

STA  (POINTL2) , Y 

Clear  BLKCNT 

2 

2 

DEY 

1 

6 

STA  (POINTL2) ,Y 

Clear  MNSUM+1 

2 

2 

DEY 

1 

6 

[ | 

STA  (POINTL2) ,Y 

Clear  MNSUM 

2 

2 

SETPNT : 

LDY  If  $09 

2 

5 

LDA  (POINTL2 ) ,Y 

2 

3 

STA  TSBN 

Set  TSB  no.  for  next  call  of  this 
routine 

2 

5 

INY 

1 

3 

LDA  (POINTL2) ,Y 

2 

2 

STA  CNTN 

Set  TTL  counter  no.  for  next 
call  of  this  routine 

2 

5 

INY 

1 

5 

LDA  (POINTL2) ,Y 

2 

3 

STA  TEMP  4 

Fetch  new  low  pointer  value  and 
store  in  TEMP  4 

2 

2 

INY 

1 

i 


I 


■ 

I 
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Cveles  Label 

Mnemonic 

Comments 

Bytes 

5 

LDA  (POINTL2) , Y 

2 

3 

STA  POINTH2 

Set  new  high  pointer 

2 

3 

LDA  TEMP4 

2 

3 

STA  POINTL2 

Set  new  low  pointer 

2 

4 

PLA 

1 

3 

STA  AUG+1 

Restore  AUG+1 

2 

4 

PLA 

1 

3 

STA  AUG 

Restore  AUG 

2 

4 

PLA 

1 

3 

STA  ADD+1 

Restore  ADD+1 

2 

4 

PLA 

1 

3 

STA  ADD 

Restore  ADD 

2 

4 

PLA 

1 

2 

TAY 

Restore  Y register 

1 

4 

PLA 

1 

0 

*> 

TAX 

Restore  X register 

1 

4 

PLA 

Restore  accumulator 

1 

2 

CL  I 

Enable  IRQ 

i 

6 

RTI 

Return  from  interrupt 

1 

This  routine  requires  250  bytes 

ROM  and  9 bytes  RAM  including  5 
bytes  on  the  stack.  It  also  uses 
the  registers  for  the  arithmetic 
subrout ine . 

K-ft 


The  routine  usually  executes  in 
304  p,s.  If  the  mean  is  calculated 
it  takes  505  ns.  If  it  calculates 
mean  and  overall  mean  it  takes  566 


SYMBOL  INTERPRETATION 

ADD:  Maths  argument  registers. 

AUG:  Maths  argument  registers. 

CNTN:  Keeps  the  number  of  the  current  counter. 

CUMTOT:  Total  of  the  sample  values  of  the  TTL  counters. 

MNSUM:  Total  of  means  of  each  block  of  K samples. 

NCNTN:  Keeps  the  number  of  the  counter  for  the  next  call  of  this  routine. 

NTSBN:  Keeps  the  number  of  the  TSB  for  the  next  call  of  this  routine. 

OVCNT:  Keeps  the  number  of  groups  of  N*K  samples. 

OVMNSUM:  Keeps  the  sum  of  the  means  of  each  group  of  N*K  samples. 

SAMCNT:  Keeps  the  number  of  samples  taken. 


SAMCNT : 
SIZE: 
TEMP4 : 
TSBN : 


Sets  size  of  addition  or  subtraction. 

Used  for  storage  of  intermediate  results. 

Keeps  number  of  the  TSB  for  the  current  counter. 


APPENDIX  L 


ALARM  SCAN  PROGRAM 

Cycles  Label  Mnemonic  Comments  Bytes 

This  program  reads  in  the  five 
eight-bit  alarm  words  and  refor- 
mats them  into  eight  five-bit 
alarm  words  then  checks  for  major 
alarms  and  builds  the  data  charac- 
ters for  transmission. 


2 

CCRTN : 

LDA  #$08 

2 

4 

STA  PIA1A 

Enable  TSB  no.  1 

3 

4 

LDA  PIA1B 

Read  alarm  word  (a) 

3 

6 

INC  PIA1A 

Clear  flip-flop  1 

3 

6 

INC  PIA1A 

Enable  TSB  no.  2 

3 

3 

STA  TEMPI 

Temporarily  store  word  (a) 

2 

2 

LDA  #$10 

This  sets  bit  1 which  is  the  NACK 
bit  of  the  begin  character 

2 

3 

STA  NACKFLAG 

Set  non-acknowledge  flag 

2 

3 

LDA  TEMPI 

2 

4 

BIT  C0NTR0L1 

C0NTR0L1  contains  01 

3 

2 

BNE  CONTI 

Branches  if  alarm  not  acknowledged 

2 

2 

LDA  #$00 

2 

3 

STA  NACKFLAG 

Clears  non-acknowledge  flag 

2 

5 

CONTI : 

LSR  TEMPI 

Drop  acknowledge  bit  from  alarm  word 

2 

2 

LDA  #$1F 

2 

3 

AND  TEMPI 

accumulator  now  has  5 least  sig- 
nificant alarm  bits  from  TEMPI 

2 

2 

BEQ  ST0RE1 

branches  if  no  alarms 

2 
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Cycles 

Label 

Mnemonic 

Comments 

Bytes 

2 

LDX  #01 

2 

6 

JSR  MJACHK 

Calls  major  alarm  check  sub 
rout ine 

- 

3 

3 

ST0RE1 : 

STA  CCLCN1 

Store  alarm  word  no.  1 

2 

2 

LDA  #$06 

9 

3 

AND  TEMPI 

The  5 alarms  of  word  1 are 
masked  out 

2 

9 

LSR  ACCUM 

1 

2 

LSR  ACCUM 

1 

9 

A- 

LSR  ACCUM 

1 

2 

LSR  ACCUM 

1 

2 

LSR  ACCUM 

Last  two  alarms  of  word  (a) 
right  justified  in  accum. 

are 

1 

3 

STA  TEMP 2 

2 

4 

LDA  P1A1B 

Read  alarm  word  (b) 

3 

6 

INC  PIA1A 

Clear  F/F2 

3 

6 

INC  PIA1A 

Enable  TSB  no.  3 

3 

3 

STA  TEMPI 

2 

2 

LDA  #$03 

9 

3 

AND  TEMPI 

Accum.  holds  first  3 alarms 
word  (b) 

of 

9 

2 

ASL  ACCUM 

1 

3 

ORA  TEMP2 

Accum.  holds  first  3 alarms 

of 

word  (b)  and  last  2 word  (a 

) 

9 

2 

BEQ  ST0RE2 

9 

2 

LDX  #$02 

2 

i&M. 
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Cycles  Label 


Mnemonic 


Comments 


6 

3 ST0RE2: 
2 
3 

2 

2 

2 

2 

2 

6 

3 ST0RE3 : 

4 
3 
2 
3 

2 

2 

6 

3 ST0RE4 : 

2 

3 

2 


JSR  MJACHK 
STA  CCLCN2 
LDA  #$F8 
AND  TEMPI 

LSR  ACCUM 
LSR  ACCUM 
LSR  ACCUM 
BEQ  STORE 3 
LDX  #$03 
JSR  MJACHK 
STA  CCLCN3 
LDA  PIA1B 
STA  TEMPI 
LDA  #$1F 
AND  TEMPI 

BEQ  STORE4 
LDX  #$04 
JSR  MJACHK 
STA  CCLCN4 
LDA  #$EO 
AND  TEMPI 

ROL  ACCUM 


Check  for  major  alarms 
Store  alarm  word  2 


Accum.  holds  remaining  5 alarms 
of  word  (b) 


Right  justify  these  alarms 


Store  alarm  word  3 
Read  alarm  word  (c) 


Accum.  holds  first  5 alarms  of 
word  (c),  right  justified 


Store  alarm  word  4 


Accum.  holds  last  3 alarms  of 
word  (c) , left  justified 


Bytes 

3 

2 

2 

2 

1 

1 

1 

2 

2 

3 

2 

3 

2 

2 

2 

2 

2 

3 

2 

2 

2 

1 
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Cycles  Label 


Mnemonic 


Comments 


Bvtes 


ROL  ACCUM 


ROL  ACCUM 


ROL  ACCUM 


Remaining  word  (c)  alarms  now 
right  justified. 

Clear  carry 


ST  A TF.MP2 


INC  PI A1A 


LDA  PIA1B 


STA  TEMPI 


LDA  #$03 


Store  remaining  alarms  of  word 
(c)  pending  reading  of  next  word 

Enable  TSB  no.  4 

Read  alarm  word  (d) 


AND  TEMPI 


Accum.  holds  first  2 alarms  of 
word  (d) 


LSR  ACCUM 


LSR  ACCUM 


LSR  ACCUM 


ORA  TEMP 2 


Accum.  holds  first  2 alarms  of 
word  (d)  and  last  3 of  word  (c) 


BEO  STORES 


LDX  #$05 


JSR  MJACHK 


STORES : STA  CCLCN5 


Store  alarm  word  five 


LDA  #$7C 


AND  TEMPI 


Accum.  holds  middle  5 alarms 
of  word  (d) 


ASR  ACCUM 


! 


T 


Cycle9 

Label 

Mnemonic 

Comments 

.Bytes 

2 

ASR  ACCUM 

Right  justify  the  accum. 

1 

2 

BEQ  STORE6 

2 

2 

LDX  //$06 

2 

6 

JSR  MJACHK 

3 

3 

ST0RE6 : 

STA  CCLCN6 

Store  alarm  word  6 

2 

2 

LDA  //$  80 

2 

3 

AND  TEMPI 

Accum.  holds  remaining  alarm  of 
word  (d) 

2 

2 

ROL  ACCUM 

1 

2 

ROL  ACCUM 

Right  justify  accum. 

1 

3 

STA  TEMP 2 

2 

2 

CLC 

Clear  carry 

1 

6 

INC  PIA1A 

Enable  TSB  no. 5 

3 

4 

LDA  PIA1B 

Read  alarm  word  (e) 

3 

3 

STA  TEMPI 

2 

2 

LDA  #$OF 

2 

3 

AND  TEMPI 

2 

2 

ASL  ACCUM 

Accum.  holds  first  four  alarms 
of  word  (e)  with  a 0 to  the  right 

1 

3 

ORA  TEMP2 

Accum.  holds  first  four  alarms  of 
word  (e)  and  final  alarm  of  word  (d) 

2 

2 

BEQ  ST0RE7 

2 

2 

LDX  #$07 

2 

6 

JSR  MJACHK 

3 

L-5 
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Cycles 

Label 

Mnemonic 

Comments 

Bvtes 

3 

ST0RE7 : 

STA  CCLCN7 

Store  alarm  word  7 

2 

2 

LDA  #$FO 

2 

3 

AND  TEMPI 

Accum.  holds  last  4 alarms  of 
word  (e) 

2 

2 

LSR  ACCUM 

1 

2 

LSR  ACCUM 

1 

2 

LSR  ACCUM 

1 

X 

2 

LSR  ACCUM 

Right  justify  last  alarms 

1 

2 

BEQ  ST0RE8 

2 

2 

LDX  #$08 

2 

6 

JSR  MJACHK 

3 

3 

ST0RE8 

STA  CCLCN8 

Store  alarm  word  8 

2 

3 

JMP  ANVSCN 

Jump  to  analogue  voltage 

3 

scan  routine 


This  routine  requires  219  bytes 
ROM  and  11  bytes  RAM. 

The  routine  executes  for  267  cycles 
if  there  are  no  alarms  and  for  496 
cycles  if  every  alarm  occurs. 


SYMBOL  INTERPRETATION 
ACCUM:  CPU  accumulator. 

CCLCN:  Locations  where  the  alarm  words  are  stored. 

C0NTR0L1:  ROM  location  containing  01  for  use  with  a BIT  instruction. 
NACKFLAG:  This  flag  is  set  if  an  alarm  has  not  been  acknowledged. 

TEMP1-2:  Used  for  intermediate  storage. 


L-6 


APPENDIX  M 


MAJOR  ALARM  CHECK  SUBROUTINE 


Cycles  Label  Mnemonic 
MJACHK : 


3 STA  TEMP 3 

4 AND  CHKWDO , X 


2 BEQ  ANYALM 


Comments  Bytes 

This  subroutine  is  passed  an  alarm 
word  in  the  accumulator  and  the 
number  of  that  alarm  word  is  the  X 
register.  The  alarm  word  passed  in 
is  checked  to  see  if  any  of  the 
alarms  set  are  major. 

Save  accumulator  during  subroutine  2 
AND  accumulator  with  stored  constant  3 
indicating  major  alarm  bits  for  word 
no.  given  by  X.  (Zero  page  indexed 
addressing) 

Branch  to  ANYALM  if  no  major  alarm 
is  set. 


2 LDA  y/0012 

3 ORA  AFLAG  ; Set  major  alarm  bit  in 

3 STA  AFLAG  ; AFLAG  without  altering  previously 

set  bits. 


2 

LDA 

#5520 

3 

JMP 

CONT 

2 

ANYALM: 

LDA 

#5504 

3 

ORA 

AFLAG 

3 

STA 

AFLAG 

2 

LDA 

#40 

3 

CONT: 

ORA 

TEMP3 

6 


RTS 


Set  bit  5 of  accumulator 


; Set  any  alarm  bit  in 
; AFLAG 

Set  bit  6 of  accumulator 
; this  places  the  bit  set  in  the 
; ACCUM  along  with  the  alarm  bits. 

; This  becomes  the  MA  or  AA  bit  of 
; the  data  character 

] 


This  subroutine  requires  29  bytes 
ROM  and  it  executes  for  a maximum 
time  of  28  us. 


M-l 


— Hi 


* 1 1 iiia  1 i frj:- ' iiMirtl  IT  ~~ 


Symbol  Interpretation 

AFLAG:  This  is  used  to  remember  the  occurrence  of  major  or 
the  begin  character  is  transmitted. 

CHKWDO:  This  is  the  base  address  of  the  check  words  used  to 
alarms  are  major. 

TEMP3:  This  is  temporary  storage  location  it 3. 


i 

I 


s 

| 


any  alarms  until 


remember  which 


APPENDIX  N 


TBG2  INTERRUPT  SERVICE  ROUTINE 


Cycles  Label  Mnemonic 


CHRINT: 


LDA  H 10 
STA  PIA3A 


Comments 


Bytes 


This  routine  is  executed  on  receipt 
of  the  interrupt  from  TGB2.  It  keeps 
track  of  the  character  which  is  to  be 
transmitted  next  and  loads  this 
character  in  the  ACIA  output  register 
and  programs  the  ACIA  to  transmit  this 
character.  If  this  character  is  the 
begin  character,  then  this  routine 
will  build  it. 


Clear  TBG2 


CONT: 


LDA  #$54 
STA  CRAC 
LDA  TXPNT 


BNE  CONT 


LDA  #$A0 


ORA  AFLAG 


STA  CCLTNO 
LDA  #00 
STA  NACKFLAG 
STA  AFLAG 
BIT  C0NTR0L2 


BNE  RESET 
INC  TXPNT 
JMP  TXMIT 


Save  X register 


Program  ACIA  to  transmit  character 

Load  accumulator  with  pointer  to  next 
word  to  be  transmitted 

If  TXPNT  = 0 then  assemble  begin 
character  else  branch  to  load  charac- 
ter into  ACIA 

Set  101  in  bits  5-7  of  begin  charac- 
ter 


ORA  NACKFLAG  place  NACK  bit  in  begin  character 


place  MA  and  AA  bits  in  begin  charac- 
ter 

Store  begin  charcter 


Clear  NACKFLAG 
Clear  AFLAG 


If  TXPNT  = 8 then  branch  to  reset  it 
else  increment  TXPNT 


11  ' 


Cycles 

Label 

Mnemonic 

2 

RESET : 

LDA 

000 

3 

STA 

TXPNT 

4 

TXMIT : 

LDA 

CCLTNO 

4 

STA 

OACIA 

4 

PLA 

2 

TAX 

4 

PLA 

6 

RTI 

Symbol  Interpretation 


Comments  Bytes 

3 

Reset  TXPNT  2 

Load  character  to  be  transmitted  3 

Store  in  ACIA  output  register  3 

1 

Restore  X register  1 

Restore  accumulator  1 

1 

This  routine  requires  55  bytes  of 
ROM  and  executes  for  a maximum  time 
of  83  us. 


i 

■ 

* 


AFLAG: 

CONTROL 2: 

CRAC: 
NACKFLAG : 
OACIA: 
TAPNT : 


This  byte  contains  the  major  alarm  (MA)  and  any  alarm  (AA)  bits  of 
the  begin  character. 

This  byte  contains  a constant  value  of  j$08  for  use  with  BIT  instruc- 
tions. 

This  is  the  ACIA  control  register. 

This  contains  the  NACK  bit  of  the  begin  character. 

The  ACIA  output  register. 

A pointer  to  the  next  character  to  be  transmitted. 
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APPENDIX  P 


EYE  MONITOR  PROGRAM 


Cycles 

Label 

Mnemonic 

EYEMON : 

2 

LDA 

//AGCINIT 

3 

STA 

PA20 

2 

LDA 

//BINIT 

3 

STA 

PB20 

3 

STA 

PB30 

2 

READ: 

LDA 

#$  80 

3 

STA 

PA30 

2 

LDA 

#$00 

3 

STA 

PA30 

3 

LDA 

PA30 

2 

CMP 

#$09 

2 

BMI 

READ 

2 

CMP 

#$70 

2 

BEQ 

DECRSE 

2 

CMP 

#$0F 

2 

BEQ 

DECRSE 

5 

INC 

INCGN 

2 

CMP 

#$0E 

2 

BEQ 

INCRSE 

2 

CMP 

#$30 

2 

BEQ 

INCRSE 

5 

INC 

DECB 

2 

LDA 

#03 

3 

CMP 

DECB 

2 

BNE 

GAIN 

5 

DEC 

PB20 

5 

DEC 

PB30 

Comments  Bytes 


This  program  controls  the 
AGC  and  reference  voltages 
for  the  eye  pattern  monitor. 

2 

Set  initial  AGC  voltage  2 

2 

Set  initial  reference  voltage  2 

Set  dispersion  output  value  2 

2 

Enable  latch  2 

•'  2 

Disable  latch  2 

Read  sample  value  2 

If  sample  is  zero  level  2 

Then  read  another  sample  2 

If  sample  < - 2d  2 

Then  branch  to  decrease  gain  2 

If  sample  > 2d  2 

Then  branch  to  decrease  gain  2 

Else  increment  increase  gain  2 

counter 

If  sample  > 2d-b  2 

Then  branch  to  increase  b 2 

If  sample  < - (2d-b)  2 

Then  branch  to  increase  b 2 


Else  increment  decrease  b counter  2 


2 

If  decrease  b counter  ^3  2 
Then  branch  to  check  AGC  2 
Else  decrement  b reference  2 
decrement  eye  dispersion  2 


Cycles 

Label 

Mnemonic 

Comments 

Bytes 

3 

JMP  GAIN 

jump  to  check  AGC 

3 

5 

INCRSE: 

INC  INCB 

Increment  increase  b counter 

2 

j 

2 

LDA  #09 

2 

3 

CMP  INCB 

If  increase  b counter  ^ 9 

2 

2 

BNE  GAIN 

Then  branch  to  check  AGC 

2 

5 

i 

INC  PB20 

Else  increment  b reference 

2 

! 5 

INC  PB30 

increment  eye  dispersion 

2 

2 

GAIN: 

LDA  #08 

2 

3 

CMP  INCGN 

If  increase  gain  counter  ^ 8 

2 

2 

BNE  READ 

Then  read  in  another  sample 

2 

5 

INC  PA20 

Else  increment  AGC  voltage 

2 

3 

JMP  READ 

read  in  another  sample 

3 

5 

DECRSE : 

INC  DECGN 

Increment  decrease  gain  counter 

2 

2 

LDA  #08 

2 

1 3 

CMP  DECGN 

If  decrease  gain  counter  ^ 8 

2 

2 

BNE  READ 

Then  read  another  sample 

2 

5 

DEC  PA20 

Else  decrement  AGC  voltage 

2 

3 

JMP  READ 

read  in  another  sample 

3 

1 

The  program  requires  91  bytes  of 
ROM  and  4 bytes  RAM.  If  sample 
is  zero  level  execution  time  is 

17  ps.  If  sample  is  > 2d  or  < -2d 
then  execution  time  is  36  to  45  ps 
If  sample  is  > -d-b  or  < - (2d-b) 
then  execution  time  is  51  to  73  ps 
and  if  sample  is  < 2d-b  or  > - (2d 

-b) 

I 

then  execution  time  is  57  to  78  ps. 

SYMBOL  INTERPRETATION 


DECB:  Counter  for  decrease  reference  voltage  events 

DECGN:  Counter  for  decrease  gain  events 

INCB:  Counter  for  increase  reference  voltage  events 

INCGN:  Counter  for  increase  gain  events 

PA20:  A port  of  6520.  (Used  for  AGC) 


IRQ:  This  program  is  executed  when  an 

IRQ  interrupt  is  serviced.  It 


reads  the  priority  encoder  output 
and  uses  this  to  jump  to  the  re- 
quired interrupt  routine  after 
clearing  the  flip-flop  for  that 
interrupt . 


3 

PHA 

Save  accumulator 

• 

4 

LDA  P1A3B 

Read  priority  encoder  output 

2 

AND  #$07 

Mask  out  those  pins  which  are 
outputs 

• j 

2 

BEQ  CHR 

If  output  is  0 then  branch  to  CHR 

2 

CMP  #02 

If  output  is  2 

2 

BEQ  ACA 

Then  branch  to  ACA 

ft 

* 

2 

LDA  #$20 

Else 

4 

STA  P1A3B 

Clear  PATINT  flip-flop 

3 

JMP  PATINT 

Jump  to  PATINT 

2 

CHR: 

LDA  #$80 

4 

STA  P1A3B 

Clear  CHRINT  flip-flop 

3 

JMP  CHRINT 

Jump  to  CHRINT 

2 

ACA: 

LDA  #$40 

4 

STA  P1A3B 

Clear  ACAINT  flip-flop 

3 

JMP  ACAINT 

Jump  to  ACAINT 

This  program  requires  36  bytes 

ROM  and  executes  for  20  ps  if 
CHRINT  and  24  ps  if  any  other. 

Q-l 
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SYMBOL  INTERPRETATION 

P1A3B:  The  B part  of  P1A3.  Used  to  interface  the  interrupt  priority 
circuit  to  the  CPU. 


MISSION 


of 


Rome  Air  Development  Center 


RADC  plans  and  conducts  research,  exploratory  and  advanced 
development  programs  In  command,  control,  and  conrminications 
(C3)  activities , and  in  the  C3  areas  of  information  sciences 
and  intelligence.  The  principal  technical  mission  arSks 
are  conwminl catl ons , electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects / intelllcfhhce 
data  collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  micrdvave 
physics  and  electronic  reliability,  maintainability  and 
compatibility . 





